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GURNEY 


The Radio-Thrust Bearing 


Anyone familiar with the most elementary principles of mechanics 
understands how the combination of two forces exerted in different direc- 
tions is a simple and single force acting in one direction. The idea of in- 
clining the load line of the ball into the general direction of the line of 
force thru which the actual load is received is the elementary idea that is 
involved. It is so simple and so obvious that it seems strange and almost 
unaccountable that its validity and the propriety of its application should 
ever have been questioned. 


But this idea is today accepted with a favor as general as was the 
condemnation with which it was received ten years ago. Nearly every 
manufacturer of ball bearings is today making some sort of a bearing of 
this type. The original bearing of this type, the Gurney Radio-Thrust 
Bearing, has always differed from all other angular contact or combina- 
tion bearings in that the idea is carried out more completely. 
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A. S.M. E. WAR SERVICE RECORDS 


The committee appointed by The American Society of Mechanical Engineers to prepare a 
record of the service of its members in the late war has issued a circular outlining the data desired, 
to which the attention of the membership is called. The circular calls for information under the 
following headings, and an early response is urgently requested: 


1) What had you been doing immediately prior to (13) Please give any further information that may be 
your entering the service? needed to form the basis of a complete account of your 
service. 


(2) What had been your education, training and ex- 
perience up to the time you entered the service? (14) Did you serve overseas In any capacity, and what 
; os were your duties, and with what organization? 
(3) On what date did you enter the service of the U.5., 15 W 1; we 
. . ‘ (lo) re y ngage any ¢c ats? 
or any allied Government? ‘ a a ee 
(16) Where and what was your service in such, and 


) é ) ice 9 hk Vas Vo é ‘ org: iZé i0 2 « 
+) If an officer, what was your rank and organization were you wounded? 


5) If not an officer, and on war work in any depart- (17) Did you receive any medals, decorations, or 
went as a civilian, what were your duties? awards? If so, please describe them. 
» ’ ° . . (18) . , 1 ; active service? 
(6) What were the duties to which you were first i Are you still in active service: 
assigned ? (19) Are you now a reserve officer? 
(7) State subsequent transfers and where you were (20) If still in the service, do you expect to continue? 
assigned in each case? As what, and in what organization? 
(21) If you resigned or were discharged, please give 


(8) If promoted to a higher rank, state that higher rank 


and the date of promotion, what transfers, place and char- 
acter. (22) Please send names and addresses of all other mem- 
; . , bers of our Society whom you know of having rendered 
(9) What duties did you perform after your promotion? — service during the war, either as civilians or otherwise, so 
that the Committee can get into communication with them 


date. 


(10) Were there any other promotions? 
(23) Please let us have your statement as soon as 


(11) If so, give particulars as above. possible. 
Lr.-Co.. J. J. Swan, 
(12) Please state what professional reports, if any, Masor Witt B. Grecory. 
were prepared by you, and name all boards or other bodies Maior Frep J. Mitter, Chairman 
as a member of which, or to which, you rendered special Committee on War Participat: 
service. and Membevs’ Memoria 


THE ANNUAL MEETING 
New York, December 2-5 


The Committee on Meetings and Program desires advance information regarding papers which 
members have in preparation or are to contribute; and suggestions for papers or subjects for dis- 
cussion. 


It will be of the greatest assistance to have this information NOW, while plans are in process 
of development and before the program has been completely formulated. Members are requested to 
cooperate with the Committee by advising the Secretary promptly of paper prospects, thus helping 
to make the next Annual Meeting the greatest convention in the history of the Society. 














The Horsepower of Resistance in Aeroplane Design 


By N. L. LIEBERMAN 


HE problem of the resistance of an aeroplane has received, 
direetly and indireetly, the analytical attention of mi: 


the last 


of the celebrated mathematicians and physicists ot 


and present centuries. The researches of Newton and Bernoulli 

ave given the general laws of motion and pressure; Euler pre 
sented the laws of fluid motion from an investigation of ; the 
points occupied by the fluid, at all instants; while Lagrange ex 
plored the same field by investigating the motion of an individual 
particle. ‘To Lord Kelvin we are indebted for $s genera 
dynamieéal principle Helmholtz first solved the flow of | 


vwunded partly by fixed walls and partly by surfaces of constant 


pressure and developed the formule of vortex w: then 
independently and almost simultaneously Helmholtz and Kirchoft 
established the theory of discontinnity flow In 1902 Kutta 








1 >1t 


! lorward 
tauces A 


vas presented by Prandt 


his Ortex sustentation principle, lor 


ul partial explanation of turbulent eddy motio) 
Ihe 
Schwartz, Rankine, 
the ol Langley, Lat 


chester, Foppl, Prandtl, Reynolds and Zahm, have all contributed 


ol 
elaborate mathematical analyses 
Christoffel, 


experiments 


of Laplace, Raleigh, st 


OKeS, 


Lanchester and Lamb: and 


te a directive understanding of the phenomena of fluid motion 
No attempt is herewith made to expand any of the above-men 
nhoned theories. Complete discussions, showing the derivations 
and limitations, are given in Lamb's Hydrodynamies. An excel 


lent résumé showing the salient features of each t] eory and the 
J. C. Hunsaker 
in his paper, A Review of Hydrodynamical Theory as Applied to 
It ot 


mathematical concepts was presented in 1915 by 


kx perimental Aerodynamics. interest, however, both 


1s 


\bridgment of a paper presented at a meeting of the 
PHE AMERICAN SOCIETY OF MECHANICAI 


Buffalo Section of 
ENGINEERS, January 29, 1919 


Asst. Mgr., Dept. of Education and Sales Promotion, Curtiss Aeroplane 
& Motor Corpn 
before the 


- Presented International 


1915 


Engineering Congress, September, 
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GARDEN CITY, I ee 
cademically and for guidance in experimental work, to kn the 
result obtarned by these various investigator 
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TYPES OF AEROPLANES 

| impressed forces 

M effective forees 

It 

Since this equation 18 independent ot any assumption as to the 
character of the mutual actions and reactions between the 
articles, it is applicable to fluids as well as to solids. The 


problem, briefly stated, is the determination of the relations be 
tween the impressed forees on a full-seale body, of three dimen 
and its geometrical model 


A detailed examination of the 
complete definition of the body, fluid and motion, shows that only 
eight are ultimately needed to completely identify the motion for 
mode] study. 


the characteristics involved in 


These eight characteristics are 


force developed 
span of aerotoil 
elasticity of aerofoil 


, = density of aerofoil 
density of fluid 
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Y kinematic Viscosity ot 
( compressibility of thud (veloeity of sound in fluid) 
Vv = velocity of advance ot body (or tluid 
1ese terms are then treated 1 cordance with the theory of 
dimensional homogeneity. The basie principle this theory is 
that all terms of an equation must be expressed in the same 
system of units. The WV, L, netation is here used 
The physical equation 
iis 
f\M ~ 2: 0.8. 0,0,3 ) 
dt 
is the hal veneral eXpresslol 
al | y | 
F P 
M ] LV") ; : Pe Po eee 2 
dt = é “hee 


[t the velocities ot test do not approach the velocity of sound in 
the 
reduces itselt to a 


the medium of test, and further, if the medium of test is 


flight. the J 
tact 


as the medium of 


Ssaulie 


tunction 


consideration of the L and 


ors 


Sinee tor anv given model 
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Fic, 2 Cross-SECTIONS OF StruTsS Usep in PLorrinG CURVES 


OF Fic. 2a 


L is constant, and for eritical speed conditions we are 


governed 


i 


La 
(where L» and V» refer tc the line or 


m 4 


by the relation 


dimension and velocity of the model), the ¢ 
a constant. 
equation- 


function beeomes 
The statement for resistance is then given by the 


F = Ko.LV* 
wherein K combines the effects of cross-section of the body, eov- 
ertng, attitude to flow of medium, ete. It is thus called the “ form 
coefficient.” For bodies other than of aerofoil type, interest lies 
mainly with the coefficient of resistance 


COEFFICIENTS OF RESISTANCE 


In 1912 the N. P. L. 


Struts. tested a series of proposed strut 


‘ National Physical Laboratory, Teddingten, England 
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sections submitted by Mr. Ogilvie and obtaimed int 
In Fig. 
exists 


resting resul 


Ya the writer has assumed at a eondit continult, 


between struts of the same torm-class, but of 


actual length dimensions. In all cases the data plotted are always 


referred to the fineness ratio (length ot cross-section divided by 
maximum width of eross-section). Fig. 2b shows the sections, 
dimensioned as to tineness ratio, that were used in plotting the 
curves of Fig. 2a. 

Stream-Line Wires. When members are subject to vibration 


all times present a head-or 


and movement so that they do not at 


view to the wind, the effeet on the resistance is similar to that 


experienced in a turn. Interplane wires are particular offenders 


in this respect.’ Hence when stream-line wires were adopted, it 


was not suflicient merely to decide on a shape that offered the 
least head-on resistanc 

Experiments with struts showed that for different angles ot 
yaw the resistance of the best shape for head-on wind went up 
very rapidly with the change in angle. 
on different shapes, for differing angles, 


Fig. 3 


As a result of experiments 


the present generally 
elliptic shape was adopted. 
tor different degrees of 


Fuselage ° 


shows the correction faetor 
yaw. 
The general design of the fuselage is frequently 


The 


all now replaced with a 


fixed by considerations other than those purely aerodynamie. 
early forms with open framework are 
continuously surfaced structure. Apertures are kept down to the 
minimum, since theory indicates and experiments show that thes 
add to the total resistance by disturbing the stream-line flow 
The main the differences 


and the “ long con 


distinetion in fuseiages centers about 
between the “short type plus tail booms,” 
trnuous type.” The Farman and Frene 
planes, the Vickers Gun-Bus and all the “ FE” derivatives, are 
of the first class. 


Voisin construction in 


Most of the fuselage construction, however, is 


of the long continuous type—even when the extended construction 


merely serves as a boom to the tail (ef. Caproni The resistanes 


available on these variou 
That is, 


coefficients now ire meager 


ana 


disconnected. knowmg the coefficient for one torm ot 


fuselage does not materially help in determining the 


resistance ol! 





another form. The forms and coetticients give thle 1 at 
39 
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; 4 } 
= J 
Ss 
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- Tt 
= esti 
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Correctic 





1 
2 90 


“4-12 40 -8 -@ -4 
Ang @s of Yaw, Deg 
Fic. 3 FACTORS 


("ORRECTION 


FOR DIFFERENT 


ANGLES OF YAW 


the results of early and recent tests. The coefficients in the table 
are all for 1 sq. ft. of cross-section at a velocity of 100 m.p.h. 
(miles per hour), the fuselage melined 6 deg. to the direetion otf 
the wind. The ratio 
maximum depth) is also noted. 


tineness (maximum length divided by 


PANELS 


Extensive experimenting with models and full-seale machines 
has shown that the factors which for a monoplane form affect a 
saving are— 

1 Wing curve 

2 Aspect ratio 

3 Plan form, 
‘The vibration of round wires has no effect on the air-resistance—se 
Comparison of the Air Resistance of Vibrating Wires, by T. E. Stanton 
in Aerial Age, October 18, 1915. 
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kor multip ‘ = the ivi partia inction of 
he monoplane crements due t 

} stagve. 

) Crap-el I 

Wong Cu L he tt, dmit. movement of the center of pre 

re and LD eross-seetion ot two well-known wing es are 

own in | ». For comparative study the LI) Ol 
tor these and other sections have been plotted in Fic. 6 I} chores 

SF ends completely on the service Thus a high 
efarrving capi tv at meqdiun speed is wanted, the eur ereeceter 
houle ave an L/D tairly constant over some appreciable range 

ingle neidenes If a quick rise is desired at low speed, the 

coethiovent at the ger angle of incidence should be or} (1 
he contrary high-speed machine is wanted, but also with a 
quick ge Wi he tairly low landing and taking-otf speed 
the L/J) taetor should be high at both the low and higl cles 
of imeiden Since the weight of the machine is constant. the 
lmft, which is one of the main factors affecting speed, W equal 


the weight divided by L/D Henee the 


larger the L/D ratio, the 


smaller is the drift, and consequently less horsepower is required 
to attain, or maintain, a certain high speed. 

ispect Rati The more area that ean be brought within the 
province ot two-dimensional flow (parallel to the fore-and-aft 
vertical plane otf symmetry), the greater will be the total value 


of L/D tor the 


‘air at the ends of the panels destroys the lift locally; 


entire machine. This is obvious since the end flow 
and 
DY erealing probabl surtaces ot discontinuity within the 
drift. Tests 


the L/D factor inereases with the aspect ratio 


panel 
that 


Howe ver, there 


region, still further increases the have shown 


are both structural and dynamical considerations which limit the 


aspect ratio. The average practice of today indicates for ordinary 


TABLE 1 RESISTANCE CUuEFFICIENTS FOR VARIOUS TYPES OF 
FLUSELAGES 
Cc 
£ ? “es er a La € 
F e at se lace 
= 
os 4 
croR 
56 ~ 4é 
r b 
(A 
@ va 55 
‘£ ‘ea PF r) . 4 
(COVERED MOTO 
a t é 6 
é &¢ 
; BE 
é 0 ~ 
cf “4 —— e4 
S STREAMLINE 
, (ROUND SECTION) 
- é 408 — > ¢ 
Fi c STREAMLINE 
i ee (SQUARE SECTION 
two-place single-motor machines of velocity 75-90 m.p.b., an 


aspect ratio of about 7.0 to 7.5; for two-place single-motor 
machines of velocity about 125 m.p.h., an aspect ratio of about 
6.0 to 7.0; for single-place machines, 100 m.p.h., an aspect ratio 
of about 6.0 to 6.5; and for single-place machines, 125 m.p.h., an 
aspect ratio of 5.0 to 5.5. 

It is customary to run wind-tunnel tests on panels having an 


aspect ratio of 6. The Report of the British National Advisory 
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INCIDENCE, U.S.A. No. 16 

low the outlines of bird wings, and this still persisted in the early 
German Taube design, wind-tunnel tests have shown that both 
stability and good lifting capacity do not always go together for 
all types of cross-sections tested. Direct comparative tests on all 
types of plan forms show that the loading on the complete wing 
is independent of the form of the tip. While it would appear that 
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for different forms the region ot disturbance should vary and 
hence affect the total loading, undoubted], the three dimensional 
flow masks small regional effects. Tests on a variety of round 
ended panels show that a plan form, the end of which is a semi 
ellipse, with the major axis normal to the chord and equal to 


1.5 times the chord, gives the best results. 


L/D F 
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Pic. 6 Variation or L/D Factors oF Various SECTIONS WITH 
ANGLE or INCIDENCI 
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ic. 7 E¥Friclency oF A BIPLANE IN TERMS OF AN EQUIVALENT 
MONOPLANE FOR DIFFERENT VALUES OF GAP AND STAGGER 


Stagger and Gap. Many experiments with models and tests on 
full-scale members have been made in an attempt to reach reliable 
data showing the effect of the interrelated quantities chord, gap 
and stagger. M. Eiffel, the N. P. L. and Géttingen have collected 
considerable data on models in which these quantities were varied 
singly and readings taken for different angles of incidence. 

The writer has taken Eiffel’s and Betz’ (Gottingen) results 
and from them constructed a series of curves, Fig. 7, which give 
the efficiency of a biplane in terms of an equivalent monoplane— 


permitting variation in both gap and stagger. The abscisse are 
always percentage ¢ fliecieney The coordinates at the left give the 
gap-chord ratio. At any specific ratio a horizontal lime was 
drawn, upon which was plotted the specific value of the per 
centage efficiency found by Eiffel or Betz for condition of “ no 
stagger.”” The solid curved line (1) thus drawn through these 
points plotted on the various gap-chord ratio base lines represents 
the variation in percentage efficiency with changes in gap-chord 
ratio when the stagger is not considered (1.e., when the stagger is 
zero). If an auxiliary coordinate line be erected at the nght-hand 
end of any gap-chord ratio base line previously drawn, and the 
tangents of the stagger angles be marked off as coordinates (posi- 
tive and negative with respect to the base line), a new set of refer 
ence lines are thus established, based on the main set. The point 
for zero stagger has been set previously and oceurs when line (1 

intersects the gap-chord ratio base lime. This point is now mad 
the origin for another curve showing the variation in efficiency, 
as the stagger changes—while the gap-chord ratio is held con 
stant. In this manner a series of curves are drawn through eurv: 
(1), each showing the variation of efficiency with stagger, for a 
specific gap-chord ratio. The three values plotted correspond to 
1.33, 1.00 and 0.66 gap-chord ratios. Curve (2) shows the 
variations found by Betz for a gap-chord ratio of 1.063 when 
the stagger and angle of incidence were changed from conditio1 
(a) to eondition (b). 

In general, the values given by these curves are slightly higher 
than some of the other tests published; but within the range of 
ordinary usage the variation will generally be found less than 
one per cent. One point to be noticed is that for a gap-chord 
ratio of 1.0 (no stagger) the efficiency is quoted at 87.7 per cent, 
whereas recent tests have given the efficiency for these conditions 
at 84 per cent. Figures on the various properties of triplanes 
were published by J. C. Hunsaker, of the Massachusetts Institute 


of Technology. 
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LANDING SPEED 


PANEL AREA AND RESISTANCI 


The total panel area required in any aeroplane is a function of 
(1) the aerofoil, (2) the weight, and (3) the minimum velocity. 
The maximum speed, however, is a function of the resistance 
Therefore every augmentation in lifting capacity for a given area 
is a conservation of horsepower and increases the efficiency of 


the machine (since the “ resistance area” will be kept constant) 
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yiving e area that must be furnished in the panels to istar 
fhe ht at the ven minimum speed It the minimum velocity be 
KNOWT, the Mninimun area will be required al the angie o in 


cidencs oT rreatest value Ot / being the lift Cor flicient Ol the 


; ; 


aerofoil). The maximum speed cannot be predicted until the de- 


tails of the component parts of the machine are known and the 


that any disturbing 


resistance summated llowever, assuming 


moment that would tend to vary the angle of incidence were con- 


trolled by the elevators or other means, so that the movement of 
the aeroplane were horizontal, the velocity at any angle « ean be 
determined by substituting the corresponding value of ka in the 


reneral ¢ quatior 


Wi kg AV 


in which W and A are already known, and ky 1s selected from the 


“aerodynamic property ” of the aerofoil with which the machine 


is equipped. Therefore 


any require d velocity lor sustentation at 
any angle other than the landing angle (provided sufficient power 
| 


is available te overcome the resistance may he expressed as 


Substitutmg the value of A as previously found, 


V VN, 


hus the maximum attainable velocity depends on the sum total 


resistance of the machine and the available power delivered 


through the propeller. That aerofoil which will sustain the total 
weight at the given minimum velocity and which will offer the 


least resistance at the maximum velocity, is’ therefore he 
economical one 
Krom the 


preceding equation and the aerodynamic coefficients 


of litt and dnft of aerofoils, the effectiveness (L/D) of aerofoils 
at various speeds for any machine of known weight can be com- 
pared 

The resistance of the panels at any 
weight of the machine divided by the J 


incidence that vields the giver 


speed is equal to the total 
D factor for the ang 
speed ; or 
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Fic. 9 RELATION BETWEEN TiorSEPOWER REQUIREMENTS AND 


LANDING SPEED 


Since the required horsepower RV 375, where R is stated ir 


pounds and V in miles per hour, 
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375 
hich may be written 
) 
HP, ~ (-) \ 
The horsepower required for any type of wing curve can thus 
be plotted for various speeds n terms of the inding speed 
Fig. 8 shows the relation betwes the effectiveness (L/D nd 
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various speeds for different types of curves; Fig. 9 shows the 


relation between the horsepower requirements and various speeds 
for the same types of wing curves. 

direct 
both as 
to lifting capacity and horsepower consumption at various speeds 
Kig. 8 ch speeds the R. A. F. No. 15 wing 


D; henee for any 


A graphic method is thus presented which 


permits a 


comparison ol the pe rtormance ot several wing curves, 


shows that tor } curve 


has the greatest L riven machine weight, at 


high speeds, it will offer the least resistance. Fig. 9 shows that 
for practically all speeds the horsepower consumption of the 


R. A. F. No. 15 is least Henee this 


wing curve is the most 
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economical of the tour presented at high speeds. The same 


superiority is evident at low speeds, hence this wmg curve is the 
best all-around curve. 
Fig. 8 shows that for low speeds the L/D values of the R. A. F. 


No. 6 are 
speeds the E. 
excepted 

The curves of Fig. 9 show that tor the lower speeds the R. A. F. 


No. 36 or No. 


vreater than for the E. 


Nos. 36 and 37 


No. 36; 


superior 


highe r 
No. LS 


whereas at the 


(the R. A. F. 


ure 


No. 6 consumes less horse power than either the E. 


37. The reverse condition obtains at the higher speeds. Henc« 
for heavy machines the high speed of which will not exceed 1.5 } 

V = low or landing speed), the R. A. F. No. 6 eurve is prefer 
able to that of either the E. No. 36 or No. 37. Of these last two 
the E. No. 36 is better at lower speeds but inferior at higher 
speeds. Unless considerable excess horsepower be available with 


the E. No. 37 at getting-off speed, this curve is uneconomical. 


DISTRIBUTION OF HORSEPOWER CONSUMPTION 


There is no fixed ratio in accordance with which the total horse- 
power requirements can be resolved for the component parts of 
an aeroplane. The following, however, appears to be 


four types studied (see Fig. 1): 


true for 

1 The percentage of total horsepower consumed by each com- 
ponent group is dependent on the type of group and machine 

2 The percentage of total horsepower consumed by each com- 
ponent group is generally the 
the machine 


independent of weight of 


Ww 


The panels show a decrease in requirement with increasing 
speeds 

4 The remaining component groups show increasing requirements 

with increasing speed 

5 The panel percentage requirement increases in any given type 
for increases in weight, whereas the pereentages of the re- 
maining groups decrease 

The range of percentages of total horsepower requirements for 
the different groups, at increasing speeds, is of the following 


order: 
Per Cent 
a NE As San keticta dite kc waked Rae ae 80 to 25 
SO Panel AGCCMOTIOS. ......25 04554005 2 to 25 
CR RE ig skis vencscscccsds 3S to 17 
ORE IE ieevaitann aceran nace 2 to 15 
NE a as anne kaa wine biel 10 to 45 


A general statement of “ parts resistance,’ or horsepower re- 
quirements, cannot logically be made without considering both 


type and velocity. 


BURDEN DISTRIBUTION 


The preceding figures have given the actual percentages of total 
horsepower per group without regard to the weight of the group 
with respect to the machine. In Table 2 it will be noticed that 
the percentage weight (of total machine weight) varies for each 
group, both for machines of the same type and for machines of 
different types. This variation may be due (a) to construction, 
(b) to loading of machine, or (c) to both. A curve which will 
show the relative horsepower expense of each group for its weight 
the writer has called a “ burden curve.” Thus a part or group 
which constitutes a very small percentage by weight may be very 
expensive in horsepower consumption in proportion to its weight. 
This curve is obtained by plotting as ordinates the values obtained 
in dividing the “ percentage horsepower consumption,” of each 
group, at various speeds, by the percentage weight of the part or 
group; and as abscisse, the speed in m.p.h. Such curves show 
that: 

1 The burden of the panels decreases with increasing speeds 

2 The burdens of the other groups increase with increasing speeds 

3 The panel accessories have generally the largest burden-figure 
of all groups 
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rABLI DATA ON WEIGHTS, SPEED=s A PANEL AREAS OI 
AEROPLANES 
Speed 
\I range Pa ‘ Weg 
hine = m.p.h 
= Wing 
4 | & 5 OF ia lz = = L = : 
; 2 2100 352.0; 50 | QS) 14 \ 1S] j } 
4 2 2400 | 352.0) 50 9 12 4 3 00 78 | \ 
3 | 2750 | 416.0) 55 | 125) 11.50) 2.07 | 5.4 78.8 ( R.A.F.N 
6 | 3 | 3650 416.0 55 12 & . 6 4.1 84.0 t R.A.FLN 
7 4 3650 | 505.0) 55 10 11.40, 2.74 4.6 79 ¢ { R.A.F. N 
— 4 | 4300 505.0) 55 105) 9.66) 2 ( 8 } R.A.F. No. ¢ 
l l 1800 | 246.0 55 125) 10.30) 2.78 5 OO 19.8 M R.A.F.N 
2 l 2050 246.0, 55 125 9.06) 2.44 4.34 SZ .2 1. 7¢ R.A.F.N 
g 9 2100 280 0 SO 110 q 10 1 56 RO. 2 v. R.A.F_N 
4 The barden of the fuselage is practically constant for different 


speeds 

> In any one type an increase in weight increases the burden of 
the panels and decreases the burden of the remaining groups 

In interpreting “ burden curves” the precaution should b 
borne in mind that these curves are functions of the pereentag: 
weight of a part besides the resistance. Thus, while the form ot 
a group may be unchanged (hence the aerodynamic property 
unaltered, and the horsepower requirement kept constant), the 
The 
weight percentage of the group thus decreases and the burde: 
figure increases (burden 


internal construction may be altered to reduce its weight. 


per cent hp. per cent weight). \ 
high burden figure may thus be due to either (a) a high resistance 
or (b) a low weight. In either event it serves as an index to the 
relative horsepower expense of the groups and shows where in 
provement may be centered. 


FLIGHT AT HIGH ALTITUDE 


The general formula [2] obtained in the diseussion on dynan 
similitudes showed that the density of affeeted the 
dynamic reaction : 


the medium 


F =,¢,LV"s 
The density of the atmosphere decré 
The weight of the machine remains practically constant 
creases in altitude within the field of 
density at sea level and ¢, = density 


ases as tne altitude increases 
with 


operation, hence if 


at altitude h, 
Ww oak AV’. = onk AV 


from which 


Vy V \ . 


that is, the velocity at altitude hk increases in the proport 


V (¢,/¢n) over the velocity at sea level. Also 
Di = onkA V*» = okA (: y e k AV’ D 


that is, the drifts (hence thrusts) remain constant at the respec 
velocities for any given altitude of the machine. Again, 


> » ¥ 
HP), Hf} \ re 
or the horsepower requirements at altituce h inerease in the pri 
portion \/(¢,/¢x) over the horsepower requirements at sea lev: 

Recent motor tests conducted under reduced pressure to obta 
the equivalent condition to altitude, showed a decrease in power 
in the motor proportional to (¢,/¢,)'”. The efficiencies of pro- 
pellers at different altitudes by tests were found to be 


, 
tr =%'%l1+ vv No 
Ch 


The motor output or available thrust at altitude h is Ppa X %,; 

















o@ 
‘ oh o 
= “2 nt 
e qual es ?, and Py, represent the motor horsepower, as indi 
cated in power curves; HP, and HP, represent the horsepower 
requirements for motion Hence such value of ¢, as makes 
HP, P,, indicates the limit of climb. or ceiling of the machine. 
Combining the foregoing “ available horsepower ” statement with 
HP HP 6. /¢ 
t < 1 
HP 0.5 [=] (©) nT, 
which an expression for the ceiling of a machine when the 


lable power and required power at sea level are know: 


TRANSATLANTIC FLIGHTS 


Recently aeronautical activities have been centered on 


What 
therefore, constitutes a study on the probable size of craft, 


la ree 


fiving boats as a means for crossing the Atlantie. follows, 


fuel 


load and power equipment necessary to accomplish tl trip, 


based on the data and performances of similar craft. 


If 7, = efficiency of the propeller system 


Pp motor output in horsepower 

n number of motors 
the available power rvP., which in flight equals the power re 
quired, or VD) /375. Sinee I) W  (L/D),, where the subseript « 


denotes “ effective,” 


A vailable power 


VW/D 
37D \ Le 
By definition, the total weight is 


W = »M + L,+ 160p +- 6.15) 

where nM weight of n motors 
Le = weight of aeroplane 
160p 


6.15) 


weight of crew numbering p 
weight of A gal. of fuel. 

If the motor consumption in gasoline and oil be y lb. per b.hp., 
for nm motors of P, hp. each the consumption per hour will be 
Pn and the fuel will then last (6.154 /yP.n) hours at full throttle 
and maximum speed. The range of flight, with all » motors 
is in general terms 6.15,V /yP.n. If in this expression the 
values of Pn and W 


roing, 
be substituted, 
6.15AV * 375r 


“WY 


Range (in miles 


6.150V L 
wl (;,) 
757, z). 
L 2306.25) 7, 
~ (;;), y¥(mM + 1,4 160p + 6.15) 
From Fig. 10, if the equivalent linear dimension be designated 
by A°*, where A = area, the weight will be proportional to 


4**/** The weight of the aeroplane can then be expressed as 
Le * uWw* te uW’*. The motor weight, when expressed in 
terms of the available power, is nM vP.n, where v is the unit 
weight per b.hp. Therefore, 
W=v (7) (=) t+uW* 160p 6.157 
L Je \ 3757, 


If now cW be substituted for (160p + 6.15)), the following com 
plete expression in W will result: 


=(z). Cas) 


Dividing this equation by W, 


v dD V 
<— H L P 375 


v {D V 
n\ LJ e \375 


In flying-boat construction the dead load of the hull, panels, 


W= +uW'*+ cW 


_ 
| 


3 
5 uw +e 


hence c = 1— —y»Ww* 


ete \ ‘ i er ef 
load 0 / O35 | ray Vv? j 
il Oi } ‘ } 
, 
\ssul ( e « F000 lb 
0.0015 
The propeller efficiency m: be taken at about 80 ner 
a current value ”’ Ib. per bhp. tor kor the complete ma 
the L/D value will be of the order ot 6.9 for the ma n i 
If a velocity of abe 115 m.p.h. be approxin ated and tl 
rol alues substituted in the expression for c, 
On 115 - 
145 — 0.39 
ost) 42) 


0.54 maximum to 0.50 av 


erage 
If a crew of four men be include: 040 |b 0.026 NW, the 
may be re varded as O.475W te O50 b Ld) 
Range of operation (mules 
(5 3757 cH 
ADS e D wy —_ 
’ ( tu li ~ ().026W + cli 
] ¢ 37h 
(" } Tn 
Ap), D V ; 
=} LW” + 0.026 + ¥ 
i L 6 375 
(7 YHA 
~ 3). 7 
The highest present design theoretical value of the effective 


L/D is of the order of 9.0. For flying boats the value of this 


factor is considerably lower—more generally of the order 6.8 
to 7.0. If an average value of 6.9 be assumed, with 7 0.80. 
0.50, and » 0.525, the range of operation becomes 


375 < 0.80 *« 0.50 a 
6.9 1975 miles 


Ireland 
iles, and preceding computations show that a ma- 


The distance between Newfoundland and is in round 


figures 2000 m 
chine of the given characteristics would just be able to cover the 
flving distance. 

If an increase in size be contemplated so that ¢ may attai 


] 


value of about 0.52 and the efficieney of large-diameter propellers 


be reckoned at 0.82 (this value has been consistently obtained 
recent designs bv the w riter), 
375 < 0.82 * 0.52 
Radius 6.90 ~ 2100 miles 
O.525 


If all quantities be taken at their extreme values, a 
range of 2300 miles is obtainable. 


maximu 
giving an excess for deviativ1 
in flight of 15 per cent 
The results obtained in the foregoing ecaleulations will now 

compared with the performance curves of a 10,000-lb. flying boat 
Fig. 11, and deductions as to size, capacity and flying speeas w 
330 U. S 
Equipped with two Liberty motors it would have 
maximum speed of about 110 m.p.1 


be made. The model in question carries gallons 


gasoline a 
This gives a straight-ahead 
flymg range of 550 miles, both motors working. It is thus obvious 
that at least 4.5 much fuel must be 

craft of this type to make the trip possible. 
must be 330 * 5.0 1650 U. S. 


motor assumption. 


to 5.0 times as carried in a 
Henee the fuel loa 
gallons of gasoline on a twe 
This corresponds to a load of 10,150 lb. (or 
the assumption of two motors). Hence if the machine be 
equipped with » motors the total gasoline load will be 10,150 
(n/2) Ib. 

From the above considerations the indications are that the new 
machine will be roughly 2.5 
about 1.75 times as large. 


times the weight of the first, and 
Hence the horsepower requirements 


Vv ratio 


, m\/m 
may be estimated at - = HP, = 2.25, say, 2.0, where m 


of weights, and HP, = 2.0HP, = 2 2 motors. We can thus 
(Continued on page 792) 








ELEMENTS OF A GENERAL THEORY OF 


By WALTER C. 

This paper presents in brief outline form ten subjects which have 
reference to the theory of fluid motion around the wings of airplanes. 
These 


around wings; 


are: the vortex theory of lift; the theory of initial motion 
vortex theory of shape; hydrodynamic-electromagnetic 
analogy; action of vortices with reference to each other; action on 
vortices with reference to their images; influence of the local wind; 
laws of energy content in trailing vortex; friction and head resistance; 
and explosion of eddies. These various subjects are not discussed 
but are merely brought forward for the purpose of providing a start- 


ing point for discussion. 


HERE 
in connection with a study of the action of wings upon 
the air that the writer has thought it valuable to thu 
Society to place them on record, in brief outline and in such a 
way as to provide a starting point for discussion and the addi- 
tion of any data which members of the Society may wish to eur 


are several subjects which interesting 


seem so 


tribute. These subjects which have reference to the theorv o 


fluid motions around the wings of airplanes are as follows: 


a The vortex theory of lift, which states that the air which 
passes the wing of an airplane, or the blade of a propeller, 
contains a component of circulation around that wing o1 
blade, in such a direction that there is a comparatively high 
velocity and low pressure on the upper surface of a wing, 
and a comparatively low velocity and high pressure on the 
under surface. 
theory which states that an imperfect fluid will act like a 
perfect one momentarily; from which it may be inferred 
that the cireulation around a wing cannot exist at the first 
moment or beginning of its motion of advance but must 
develop at some time after the first beginning of the motion, 
since there is no circulation in the beginning. 

« The vortex theory of shape, which treats of a solid body in 
motion as being somewhat similar to the core or kernel of 
a group of vortices. 

d The hydrodynamic-electromagnetiec analogy, which states that 
distributions of fluid motion are very similar to distribution: 
of magnetic flux; so that one may caleulate the fluid motior 
around a supposed vortex or group of vortices mechanically. 
by arranging electric currents or of currents in a 
manner analogous to the supposed vortices, and measuring 
the magnetic forees which result. 

e The laws of vortex motion with reference to the action of vor 
tices on each other, by which it seems possible to estimate 
the cireulation or strength of the trailing vortex loop whic! 
is generated by a wing in flight. 

f The of the actions of with reference to thei: 
images in solid surfaces combined with the laws, so far as 
known, concerning the generation of eddies and vortices }\ 
friction, especially near sharp edges. 


ys 
» 
> 


groups 


laws vortices 


g The concept of a loeal direction of the wind as due to th 
effects of all vortices existing in the neighborhood of a wine 
—such as its own trailing vortices and the influence of neigh 
boring circulations. 

& Laws concerning the energy contained in various distributions 

of vortex motion by which one may estimate favorable ar- 


the 


t 


rangements of the trailing vortex systems in terms of 
load carried by various parts of the wing span, and from 
which the drag might be estimated. 

t Coefficient of friction and head resistance representing losses 
of energy which ean be added to the losses attributed to tly 
energy of the trailing vortices. 

j Experience concerning the explosion of eddies and vortices 
and the causes and effects of such disturbances. 
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It is the writer’s belief that there are engineers, mathematicians 
and experimenters in the Society who can give illuminating an¢ 
interesting statements concerning the subjects mentioned; and 
that a 
cussion would constitute almost a complete and 
of the action of wings in steady flight. This paper therefore 
the 


group of sueh statements assembled in the form ot a di 


classical theory 


outlines in a preliminary way bearing of these vari 


theories and indicates their approximate exactitude. 


a The Theory of Lift. It is difficult to believ: 
that a component of cireulation exists around a wing in flight 


Vortea not 


If it is granted that the wing earries any load at all, as wings 


evidently do, there is certainly a difference of air pressure lx 
tween the lower and the upper surtace. 
the fluid 
arious circuits to the top surface; 


Conseq ently there are 


aecelerations in neighboring from the under surtfac 


around in \ 
the 


corresponding to 


fall in pressure trom one surface to the other. The quiet or 


still air into which a wing advances, experiencing these accelera 
tions, must accumulate an upward velocity in front of the wing 
and disturbances of a similar nature evidently must occur not 
only in front of the wing but also to the right hand and to th 
left hand. Since 


downward motion in another, there must be a downward motion 


upward motion in one region involves a 


an 
in the rear of the wing. This is a sort of cireulation up in front 


and down behind; and consequently to the rear above and in a 
forward direction below. 

In practice such motions can sometimes be seen in the form 
of little jerks or jumps of a fluid in the neighborhood of a model 
wing passing through it. It difficult to believe that this 


disturbance around a wing is rather similar in arrangement to 


Is not 


the distribution of velocity around a vortex or group of vortices 

their axes parallel to the span of the wing, and perpendicular 
to the direction of The intensity of 
likely greatest near the seat of the disturbance. 

According to mathematical theory the lifting forcé 
in proportion to the strength of the vortex and to its rate of 
advance, just as the lifting foree on a wire in the armature of a: 


advance. mot 


ion Is Ver 


would b 


electric motor is in proportion to the strength of the current and 
to the intensity of the magnetic flux from the pole pieces. A 
formula is given in the Eneyelopedia Britannica for the theoret 

eal action of a vortex 


which surrounds a cireular rod whic} 


projected sideways. A foree develops perpendicular to the ax 

of the rod and vortex and at right angles to the motion of ad- 

vance. This is very similar to the lift of a wing in flight. 
Practical examples, however, suitable 


for mathematical a) 


alysis seem to be very rare, nevertheless the writer found 

case which seemed to be reasonably free from objectionable comm 
plications. This was a wing tested by Eiffel (Eiffel No. 8, at 
9 deg. center section ) l'rom the measured pressures 1n this 
ease the probable approximate velocities of the air near the wing 


surface were estimated, using Bernoulli's theorem. From 


these 
around the 
wing, which is the line integral of the tangential component of the 


velocities a calculation was made of the cireulation 


velocity vector in a circuit around the wing. The result agrees 
with the theoretical formula for lift, or ZL oVml, in which 
L=foree perpendicular to advance; ¢ = density of ait 
V = velocity of advance; m = circulation of the vortex; and 
1 = length taken along vortex axis. It would be interesting 
have more measurements of the cireulation around wings 


Initial Motion 
dent that no cireulation exists around a wing when it is standing 
still m quiet air on the ground. 


bh Theory of Around Wings. It is very « 

Mathematical theory further 
declares that circulation cannot be expected to develop imme 
diately at the the first instant of 
motion conditions are supposed to be very much as they would 
be in a perfect fluid. , 
start be 


the beginning ot advanee. In 


The amount of cireulation if 


afterward. 


the 


example, 


zero at 


would zero immediately For 


imagine, for simplicity’s sake, an inclined plane moving from thy 
The 


position AA’ to BB’ in Fig. 1, starting suddenly from rest. 
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irted in a real fluid, a very violent eddy o; ortex 1s left behind the action « edd as nde the I lene f 
it A’B’, When the wing has advanced to a further position CC’ lid s kor ¢ ere a re rkable ren 
e conditions are as sketched in perspective in Fig. 2. There is he @ireun nees rl y edd i 
ortex loop stretching rearward from near the wing tips and Fig ] € uppe! ace plat () 
( ogether by f eddy generated at the starting point. uuld tend to 1 consid ur 
hort Theory of Shaj Suppose that the axes of a num mag Conver the ( 
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e result eloeity of total result may be in the dire ns in 
dicated the dotted arrow his particular kind o d mo \ 
bige y 
t n correspone i eertal eloet on added i ‘ ¢ oe ‘ 
. , 
a arrangemer I vortices ae eee 
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. a . ~ = f 
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; HEORY 
ot horizont ‘ v added to pro ‘ dotted arrows is t 
eloeity used the published tests of this real wing, and t 
rtex stre ed in preparir the diagram agrees w idered as having an influence through the fluid in whi 
vortex theory o ft and estimated cireulation around t exist, just as the magnetic effect of a direct current is considered 
having an effect at remote distances It is interestir to cal 
ate the effect of this influence on a wing of short spar Sue 
& 4 : —, , 1 
a ng in horizontal flight does not act as encountering a 
iY onrush o e atmosphere. It acts as there wer 
£ downward component of motion in the air around the wing 
a very much the same amount that might be ecaleulated from the 
KY 1 IMAGRAM ILLUSTRATING THEORY oF INITIAL Morio~ strength of its own trailing vortices. This is manifest in a rela 
AROUND WINGS poor hi t. as 1f something were reducing the angle ot attac 
a greater resistance as if climbir ip through a de ! 
Cc ¢ 1A Ww d 
~ ~~ ~ ~~ ~ ~ ™~ ~ ~~ ~~ es ~ ™ , 
>~~ ~ —_ _ Laws Eneray Content Trail Lorte Mathemat 
ally it would appear to be as easy to calculate the energy of vi 
/ tex-motion lift in the wake of an airplane as it is to calculate 
c , F lectrical self-inductanee. The arrangement of trailing vort 
ee _ rf id ae . : . . . 
behind an airplane evidently depends considerably on the d 
tribution of the loading along the wing span, because a wing ea 
Mie. 2) DiackAM Furtner ILLustraTingc THrory ot} INITIA terminate in effect considerably short of the actual tip by a 
Morion ARoUND WINGS ’ el cle ' ' 
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rT entioned. Altogether, it is evident from thes mate computations by assuming the trailing vortices to be a group 
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n of Vortices With Referenc Fa Ot | e cross-section of a good wing. 
i;neyclopedia Britannica gives formule for the action of groups Explosion of Eddies. Frequently the low pressure at the cer 
parallel columnar vortices upon each other. tern er of a vortex or eddy in real air appears to be penet ed b 
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revolve around each other in approximate circles Those f . _ 
the left-h: : DISCUSSION 
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reverse direction from the first-mentioned pair. Very car JoHN R. Freeman’ (writter The writer is hardly competent 
, ; ] 2 1 ly " ‘ J } " " 
experiment would be required to deteet any error in the vorté discuss Mr. Durfee’s paper in the language and symbols ot 
mathematies, but a possible line of investigation of these 
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About ten years ago wiien members ot our Society Were guests 
at a meeting in England ot the Institute of Mechanical Engineers. 
the eminent mathematician, Dr. Hele-Shaw, presented an illus 
trated discussion on stream-line problems in air currents relating 
to airplanes, in which he showed the disturbing effect upon the 
streamline of models designed to represent various forms 
wings. The fluid m that case was a liquid and the stream lines 
were represented by ingeniously colored liquid tilaments. The 
investigation was along lines of previous investigations of th 
distribution of velocities in flowing liquids containing colored 
liquid threads which showed the eddy currents caused by such 
obstructions as bridge piers. 

At that time it seemed to the writer that the difference in com 
pressibility of air and water, and also the difference in inertia 
effect, impaired the analogy, and on further thought he laid out 
a line of experiments for tracing the motion of liquids around 
obstructions in channels by a combination of methods borrowed 
from the ultra-microsecope and the moving-picture machine, al- 
though he has never found time to carry out the experiments. 
This method seems admirably adapted to experiments on air 
currents in connection with airplanes. 

The method m brief is to make an optical cross-section in any 
desired plane by means of a thin, broad beam of intense light put 
into appropriate shape and parallel rays by proper condensing 
lenses and an optical slit, analogous to that used with the ultra- 
microscope. By means of dust particles of proper density intro- 
duced in the air current, one can render visible the direction and 
velocity of the currents set up somewhat as he sees the air eur- 
rents in his living rooms made evident by a sunbeam acting upon 
the suspended dust particles. 

The narrow slit of light reveals only the motions in one plane 
and simplifies the observation by rendering the particles visible 
only while traveling in this optical plane. 

In the case of the airplane, these motions would mostly be too 
rapid for the eye to follow, but within limits it is possible to ob- 
serve them and to record them by a motion-picture apparatus 
which can be so constructed as to make 30 or 50 exposures per 
second instead of the customary 16. It is indeed possible to ob- 
tain exposures of much shorter frequeney by means analogous to 
the shutter-testing device developed in Dr. Mees’ Research 
Laboratory at Kodak Park, in which a rapidly revolving polygon 
of mirrors serves to catch and record the fleeting image. Also 
there have been devised and patented means of revolving 
polygonal prisms of glass, so adjusted that their reaction holds 
the image approximately stationary on the sereen or film for the 
fraction of a second. 

Such a series of photographs recorded in a short reel of film 
can be rotated for purposes of study at a much slower speed than 
that at which they were taken. 

By these means the writer believes the actual pathway of the 
particles of air as they pass either wing plane or propeller can 
be made evident and precisely recorded at velocities far higher 
than can be observed in any other known way, and a series of 
optical sections, analogous to those of the ultra-microscope or the 
sunbeam, will simplify the hopeless complexity of a dense mass of 
particles traveling in various directions. 


Epwarp P. WarNer’ (written). It is manifest that any con- 
siderable development of the theory of wing action beyond the 
point already reached must be conditional on the use of new and 
more powerful and logical methods of attack. In most of the 
work so far done, whether by the simple assumption of plane 
impact and reflection or by such more elaborate methods as that 
of Kirchhoff and Helmholtz, the continuity of the air has been 
ignored, and the results have consequently been far from the 
truth. 

The work of Lanchester, Kutta, and others on a vortex theorv 
of sustentation seems to offer the most promising path to an 
analysis of wing action which shall be of real practical use. It 
leads to the only method which takes due account of the fact that 
there can be no actual acquisition of downward momentum by the 


? Chief Physicist, National Advisory Committee for Aeronautics : *h 
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as a whole, since the center of gr the atmosphere ean 


net shift, and any downward motion imparted to the air in the 
neighborhood of the wing must be counterbalanced by an equal 
ipward motion imparted to an equa ass at some other point. 

Promising as the vortex theory is, however, it should not be 
overrated. ‘There are many. factors in the action of wings for 
which it does not appear to account. and the mathematical 
weapons are not at hand tor applying except in the simplest 
eases. The electromagnetic analogy proposed by Mr. Durtee 1s 
very interesting, but it must be handled with care, particularly in 
connection with thick wings, where the air flow changes trom 
stream-line to turbulent tvpes and back again with the greatest 
suddenness and in response to the minutest alterations of wing 
form or conditions of operation. It is doubtful if this analogy 
could be extended to any cases be yona those of the flat plate and 


the simplest forms of thin, cambered sections 


GeorcE De Boruezat’ (written). The statement “a” of Mr. 
Durtee’s 
theorem,” discussed by Kutta himself (Jl/ustrirte Aeronautische 


paper constitutes im reality the well-known “ Kutta 


Vitteilungen, 1902; Sitzungsberichte der Koniglichen Bayerisehen 
Akademie der Wissenschaften, 1910 and 1911), by Joukowski 
Aérodynamique, Paris, 1916) and by Dr. de Bothezat (Report No. 
28, Note I, from Fourth Annual Report, National Advisory Com- 
mittee tor Aeronautics). 

The statement “c” was first made by Lord Kelvin with refer- 
ence to an example actually classical (the so-called atmosphere 
around a system of two rectilinear and parallel vortices rotating 
in inverse sense). 

The statement “d” of the 
analogy is well known. But the suggestion to study the flow 
around an airfoil by this method is of interest, and such expen- 
ments conducted in a suitable manner could bring out valuable 


hydrodynamic-electromagnetic 


results. 

A solution of the question proposed in statement “e” is direet- 
lv obtained by the successive application of the Kutta theorem, 
Lord Kelvin theorem on the constancy of cireulation, and the 
Stokes theorem connecting circulation with vortex intensity. (See 
Report No. 28 of the Fourth Annual. ) 

The statement “g ” is not quite clear; if local wind means only 
the instantaneous value of the fluid velocity at a given point 
around the airfoil, it is only a regular conception. 

The statements “h” and “i” demand very careful considera- 
tion, because it seems that in the case of hydrodynamic phenomena 
some special conditions may occur which we do not meet in 
electromagnetic phenomena. 


F. W. CaLpweE.w’ (written). 
ticularly in view of the growing tendency among aeronautical 


This paper is very timely, par 


engineers to regard the classical coeffiments AK, and Ky, as in- 


adequate. 


It has been almost universally the practice to write / VY 


-K,SV’ 
g 
area of the supporting surface, V the velocity of advance, ¢ the 
density of the air in weight units, and g the acceleration due to 


K,SV° and D , where L is the litt. D the drag, S the 


¥ 


gravity, hence — = density of the air in slugs. 


g 
It is well known as the result of experience that the values of 
K, and K; vary somewhat with velocity and also with the size 
of the surface under consideration. If / represents one of the 
linear dimensions of the surface it is assumed that the values of 
K, and K;, are functions of the product Vi. This is known as 
the sealing effect. 

Information on the sealing effect is very meager. In the case 
of propeller sections we have been forced to make use of 
characteristics obtained at a speed of 30 miles per hour an¢ 
apply them to conditions where the speed obtained is as great as 

(Continued on page 7&7) 
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A Report Summarizing the Available Facts and Theories Relating to Fatigue Failure and «a Discussion 
> : ‘ 1 - .. 
otf Some ot the [ lsd ved | roblems 
/ ETAL p rts i es, such as springs, shalts k ro \ ¢ Wohler the famous Bauselin I UDIISned a 
pins and axles, occasionally fail suddenly while o ib s on tatigue, and various other investigators, 
L lected to cor t] ; of ordinary service. Not o1 es Gerber, and Weyrauch and Launhardt,’ gave ear Interpr 
failure oecur sudde . Dut the part about to ta : perimental results of Wohler and B unger 
no ordinary evidens rt eakness The broken parts whe i ese earner experiments several Tacts seem note 
amined are seen to be bre or ti short. and without veneral dis , e pl rie mHyect OL the investigators was to deduces iW ot 
tion, even though the material mav show high ductility In ord ! lor raliway bridges and car axies fhe problem of fatigue in 
tests. Such failures are found only in parts subjected to stress si-speed machine parts had not then appeared nese in 
repeated many times—to “ vibration,” as it is sometimes state: estigators carried their tests Tar enough to cover the number 
and the phenomena wi! ire involved in the final failu: yt of repetitions required by the structures of their day and assumed 
metal through oft-repeated loadine are known as “ fa , that having done so they had established an endurance lim 
phenomena of metals Reading their conelusions carefully, the statement does not seem 
The phenomena of fatigue failure have recently given rise 1 to be made that material which passed their tests would stand ar 
‘ > y & ye ee Tee —_— Tho — sad is 
some perplexing problems in connection with the design and va yemeate unber of repetitions. The term generally used 
service of airplane-engine crankshafts, the hulls of ste Ds definite” or “ very large,” and the number corresponding is from 
axles and shafts in railway cars, motor ears and trucks, and other en to fitty millions. For the problem whi ney mv anit 
Ty t - tests seem to vive safe ¢ 3 for “actice. but tods t} 
machine parts The question whether structural! parts sub i rt em to give sate guides for practice, bu day, with 
to repeated stress ars danger of fatigue failure has hes lis ‘ vwiven ‘ aern high peed mac hi erv. i par Oo wi eh 
t } rhit ? shal ‘ +} + or Or ,+ ; +3 open 
cussed at considerabk ength The danger ot taticwue ta rs mus e as vht as possible, and the extension ne latigue 
problem to such 1 nbers as the “ranks d the econnectine rods 
seems to be an unimportant factor in determining the safety o Prowler : nembers as the crar ane Ww mg 500 
: f was encines and the shafte of at n turbines. the nu > at 
structural parts, with the possible exception Ot parts subjects t ' 7 5° and the hat nde eam TOU , : number of 
reversal of stress | reason tor this is probably found { repetitions of stress which a machine member may be called upon 
relatively small number ot loadings which most structur re indergo is very mus increased, Chi a iS liustrated DY 
} ] wu} rit tfateam t the nmr fa San r 
called upon to withstand, and in the fact that most of the loadines pale 4, Which gives a statement of the approximate service re 
ire hye ow the maximur vorking value. On the other hand. yu red irom various strue tural and macnine members 
lange) af ativus ta . - a major factor in determi: o the i : FAatlO nave rn made in recen year \ H vara 
safety f many macl e narts stanton, Basquin, Smith, Eden, Rose and ¢ inninghan 
, Kommers,” Mason, Moore and Seely."* and others The efforts 
The problem of fat vu I metals engaged the attent I . . 
. tT ft <7 Investigators have Heer directed toware thie study oT 
engineers sevent ears ago, connection with car ax 
wiern mnaterials, refinements in methods of testing. and inte 
members of iron railway bridges It was early recogniz t ; . 
} } ! : pretation of results he limits of actual tests have not beer 
, ivh stress tene to caus rr oat feast to hasten, tatiguc re, . , 
. . extended to moder? re lirements, ana thre i ren 
ind about 1S60 Wol rs mous investigations were undcert , _ : , 
l taining test data for much longer endu t hg al 
to determine he re tio! wetweel! ntensity of hber stress ar _ 4 ’ . , 11 
sas . vas contemplated by Wohler Under the most favorabl on 
wMInty of materials resist [Tathwue under repeated ! : ’ 1) . . 1) 
: . : : : ‘ eelrvandle sue! a ‘ will " ) é r “ 
Wohler’s tes oc leven vears, and rema a - 
, lie there must be taced the problen ot determi 
: lay the most thorough tests on reeord. Wahler investigated | 
inder direct tension, er bending, and under torsion (s 
' : , rAB APPROXIMAT KE It | »0) 
ror some ot his tests t tress varied Trom zero to a max STRUCT ES A » MACHINI = EA 
ind tor others the st: was reversed The results of W ‘ : ESS 
ests nu be summarize is follows: 
A on hine part t tural member mav be 1 tire \ x 
repeated app id which produces a compute 
; stress less ft t strength of the material as 
i mined bY 4 sta Part {« “4 
Mhe greater the range of stress, the lower the limiting f s ifet 
to insure against rupt fts i very large numb. eperit = 
>. To insure against rupture after a very large number of re petitions r machine 
of loading causing ynplete reversal of stress, the limiting tf 
~ tre is but little greater th: »-half lin fil tr t i 
stress 1s ittie gre ‘ han one-half the limiting fiber stress t{a:.road bridge, chord members 2 000 OOF 
for a very irge number of repetitions of stress varving trom ze Eelevated-railroad structure, floor beams 40 000 0% 
’ to a maximun Railroad rail, locomotive wheel loads 500 000 
4 F I M Railroad rail, car wheel loads. 15,000 .000 
progress report t ‘ mmittee on atigue *henomena in eta 4 1 
- . - rplane-engine crankshaft 18 00K 
ie which is acting under the joint auspices of the Engineering Foundation “43 . —_— — -. — 
t; ind the Division of Engineering of the National Research Council The Car azles 0,000 ,000 
oclety contributes toward a portion of the cost of this research and the Automobile-engine crankshaft 120,000,000 
£ i i cmberehip ti I I 
eport is presented to the membership through the Research Committe: Lineshafting in shops 160 000.000 
f the A. 8. M. E., Prof. Arthur M. Greene, Jr., Chairman. The personne - , 
f the Committee on Fatigue Phenomena is as follows “team engine, piston rods, connecting rods and crankshafts 1,000 ,000 ,000 
of H. F. Moore, Chairman, Research Professor of Engineering Materia “team-turbine shafts, bending stresses 15,000,000 ,000 
Engineering Experiment Station, University of IlInois, Urbana, I ae a 
O. H. Basguin, Professor of Applied Mechanics. Northwestern U1 = : 
versity, Evanston, Ill 
of ZAY JEFFRIES, Director of Research, Lynite Laboratories, Aluminu: stresses for very large numbers of repetitions by extrapolation 
‘astings Co levelane his 7 . ; 
as Casting ‘ , Cleveland, Ohio trom previous test results. 
T, R. LAwson, Professor of Rational and Technical Mechanics Rens 
selaer Polytechnic Institute, Troy, N. ¥ 
SE J. H. Newson, Engineer of Tests, Wyman-Gordon Co Worcest ; : ' . ’ 
Ase MACHINES POR TESTING Fatigue STRENGTH 
0 
W. E. Ruper, Research Department, General Electric Cx Schenectad ’ ’ 
ni ay , i eneral Electric Co., Schenectad Fatigue tests cannot readily be earried out with ordinary 
a H. L. WHiTTEMoRe, Chief, Section of Metal Testing, U. S. Bureau of | Ste testing machines. It is, of course, possible to repeat 
Standards, Washington, D, « loadings on a test specimen in such a machine, but the process is 
, is ¢ following references see ro 729 . _ : 
For this and following referen e page 738 very slow. Such a machine equipped with an ingenious auto 
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matic arrangement for applying and releasing load was used by 
Van Ornum” in fatigue tests of concrete in compression, but the 
time required for even a hundred thousand eyeles of stress was 
very great. 

A very simple repeated-stress testing machine acts by the ap 
plication and removal of a weight to the end of the long arm of a 
simple or compound lever, the specimen carrying load at the 
short arm. Such a machine was used by Berry” in fatigue tests 
of conerete in compression. In a machine of this type the load 
must be applied slowly, else there will be inertia forees set up by 
the impact of the weight as it is let into place. 

A common type of repeated-stress testing machine is one in 
which a calibrated set of springs resist the tensile, compressive, 
flexural, or torsional stress set up in the specimen, and the de- 
formation of the calibrated set of springs gives a measure of the 
foree or moment acting on the specimen. Fig. 1 diagrammatically 
illustrates this type of machine which was used by Wohler and 
has since been used by many other experimenters. The Upton- 
Lewis machine is of this type and extensive use was made of 
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it in torsion tests carried on by McAdam.” This type of machine 
permits a fairly high rate of repetition of cycles of stress, and 
machines which have been run at 1000 repetitions per minute 
have given results apparently trustworthy. 

The most common type of machine for reversed bending stresses 
uses a circular specimen acting as a rotating beam. This type was 
used by Wohler, and also by many later investigators. Fig. 2 
illustrates such a machine. The specimen is in the form of a bar 
of cireular section, to which bending stress is applied by weights. 
The specimen is rotated by means of a pulley. At any instant 
the outer fibers are subjected to a stress varying from tension on 
one side to compression on the other, and the fiber stress at any 
point passes through a cycle of reversed stress during each revolu- 
tion. As shown, the specimen is loaded at two symmetrical points 
of the span, and between these two points the extreme fiber stress 
is constant for each element along the bar. This type of machine 
permits high speed of reversal of stress, speeds up to 2000 r.p.m. 
having been successfully used, 

British experimenters have used repeated-stress testing ma- 
chines in which varying stress was applied to a specimen by 
means of the inertia of reciprocating parts. Fig. 3 shows such 
a machine, which can be used at high speeds. However, the speed 
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must be very closely controlled, as the inertia forces vary with 
the square of the speed. Moreover, friction on the guides causes 
some slight uncertainty as to the magnitude of stress set up at 
each stroke of the crank. 

A repeated-stress testing machine depending on centrifugal 
force to produce cycles of stress is shown in Fig. 4. It is evident 
that as the eccentric weights revolve the specimen will be placed 
alternately in tension and in compression. ‘This machine has 
been used by J. H. Smith. 
those of the inertia type; in fact, it is a special form of inertia 


Its characteristics are much lke 


machine. 

A type of machine used by Arnold and later by other ex 
perimenters is shown in Fig. 5. In this machine a specimen is 
repeatedly given a certain deflection. Usually this deflection is 
sufficiently large to stress the material well beyond the yield 
point, and no very definite stress can be computed. This machine 
is used mainly for short-time tests. 

Another short-time-test machine uses the repeated impact ot 
a small hammer. The claim is made that impact loading empha- 
sizes local flaws better than a load which is more gradually ap 
plied, and that thus it indirectly gives a better index of fatigue 
strength. Data, however, are lacking to prove or disprove this 
claim. 

Various repeated-stress testing machines have been constructed 
in which the eyeles of stress were set up by the aetion of an 
electromagnet energized by alternating current. Usually the 
stress was measured either by the deflection of a spring or by 
the deformation of a standard test bar attached to the specimen. 
The speed of such a machine, however, is usually so high that 
there seems to be some uncertainty as to whether the successive 
waves of stress pass through the specimen without interference. 

While the microscope can hardly be classified as a_ testing 
machine, it has, nevertheless, been of such vital importance in 
studving fatigue phenomena that it may well be mentioned ir 
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this place. Space will not permit of a detailed description ot 
the methods employed in the microscopic examination of metals, 
but the process involves polishing a small area of the metal, etch- 
ing the surface with some reagent to bring out the lines of the 
erystalline structure and examining and photographing the sur 
face through a microscope, the surface of the metal being illumi 
nated by means of a reflected light. 


THE PHENOMENA OF FatTIGUE FAILURE 


A fatigue failure of a metal, whether it occurs in a test speci 
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men or im a machine part, is characterized by suddenness, lack 
of warning, apparent brittleness of material, and, in many cases, 
a ftraeture with a erystalline appearance over a part of its sur 
face 


his erystalline appearance led to the old theory that under 
repeated stress metal ‘ erystallized,” changing trom a 


brittle “ crystalline 
however, has been quite thoroughly 


duetile 


* fibrous ” structure to a > one. This theory, 


demolished as a result of 
study of the structure of 
by the 


ind machines is crystalline, any “ fibrous ”’ 


steel under the revealed 


IIc TOSCO pr As 


microscope the structure of all metals used for structure 


structure being 


caused 


'v inelusions of non-metallic impurities (for example, slag i 


wrought iron Microscopic examination of metals under stres 
ure, but 
inder sufficiently heavy stress there appears gradual breakdown 
of the erystals in the structure. 

W hen is deformed cold, the first deformation 
occurs in the particular grains which either take the most stress 


or have tl 


shows no change ot the general scheme of internal 


struct 


a ductile metal 


e lowest 


elastie limit Deformation takes place by the 


=e | popu r of 


one portion ol the grain with reference to other por 


tions. This slipping is shown by the appearance of lines called 
slip bands” or * slip lines” extending across crystals and 
ndicating planes of cleavage, as shown in Fig. 6. As the load is 
nereased deformation proceeds and other slip bands are tormed, 
the law being that the most easily deformable grains first show 
shp bands. Gradually the most favorable planes of slip are ey 
hausted, and further slippage can take place only with the ld 
ion of more load. 

lhe failure in ductile metals subjected to repeated stress tak 


place with substantially no general deformation 


There is, how 





ever, considerable local deformation over microseopie ar 
2. '+ 
, 
a 
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deneed by the appearance of many slip bands on a polished 


surface of the metal after the applheation ol repeated stress 


These slip bands appear after a small number of reversals of 
stress with relatively large loads, and may not appear at all with 
slight loads. 


The slip bands may first appear either in the interio1 


of a grain or at the grain boundary. As the number of applica 
tions of stress increases more slip bands appear, and those first 


and widen. Under the microscope 
and with normal illumination the general surface becomes blacker 


appearing usually lengthen 


as the number and width of the slip bands increase. In ductile 
metals fatigue failure is almost exclusively through the grains 
themselves rather than at the grain boundaries, and the first slip 
bands to appear do not necessarily form a part of the final path 
of rupture. Failure seems to take place by the uniting of slip 
extend- 
ing across its entire width, added stress promotes the extension 


bands into eracks. When the first grain develops a erack 
of this erack into adjacent grains on both sides, although the 
orientations of these grains may be and usually are such that 
the erack must extend itself at an angle to that in the initial 
grain. The general tendency is for these slip bands to follow the 
lines of cleavage of the particular grain in which they oceur. 
Often ineipient fracture is found in many grains adjacent to 
the final path of rupture, indicating that had rupture not taken 
place where it did, it would have soon taken place in some other 
adjacent part. 

Such observations by means of the microscope indicate that 
ocalized deformation is the primary cause of fatigue failure in 
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ductile metals, but it does not necessarily follow that thi rma 
tion ol one slip band under repeated stre W indicat 
ractlure { the loading is continued; 
have a great reduced elastic limit because of internal strains 
peculiarly intfavorable orientatiot It not ecerta t there 
a limiting load below which fatigus al 
place 
Materials classified as brittl nave ! ) inent 
detormatior inder stat tres ‘ der 1! eat ! r 





APPEARANCE OF 


Sitip BANDS INDICATING I’ 


progressive tracture of brittle material might take place, not by 
slipping within crystals, but by tensile fracture of crystals. There 
has been practically no study made ot the tracture of brittle mate- 

] 


under repeated stress, and it would be instructive to have 
tests carried out on brittle amorphous materials such as fused 
silea and on brittle crystalline materials like marble or tungsten 
[t is gradually being recognized that the breaking load of a speci 
Is a compl xX matter, 


mie! 


and depends, among other things, on 
the time of application ot the load Mere duration of static load 
ing, however, does not have an etfect at all comparable with rept 

tion ot loading in reducing the breaking load. It 
that the 


much 


seems evident 
distribution of brittle 


ductile materials, 


stress in some materials is 


that 


very 
less uniform than in 
n brittle 


and fractures 


materials start on areas of high stress, whereas in ductile 
materials the high stresses are relieved by local yielding. A 


complete understanding of the 


more 


mechanism of rupture in brittle 


aterials would doubtless be of great value 

When the action of metal under repr ated stress is considered 
trom the Viewpoint of the internal strains and accompanying 
difference is seen in the be- 
havior of material under static load and under repeated load. In 


a general way we may consider any structural or machine par 


stresses in the material, a radical 


as subjected to static conditions if the load on it is applied grat 
ually and is not repeated more than a few hundred times; the 
part may be considered as subjected to tatigue if the load on it 
is applied, say, one hundred thousand times or more; and for 
intermediate conditions of loading the phenomena characteristic 
of both kinds of loading would be present. 

We must look upon steel as filled with a multitude of minute 
auws. These flaws are developed in the solidification of the mate 
In statie testing, steel under stress of about half its ultimate 
strength passes into a semi-plastie condition, in which there is a 
gradual flow of the material. Under such conditions the small 
flaws have effect upon the flow or upon the static 
strength. When steel is loaded to moderate stresses the yielding 


t} 


rial, 


almost no 


is almost entirely elastic, but in general a small portion of it is 
inelastic, energy being taken up by the steel itself. If the speci 
men can be loaded a great number of times without heat loss its 
temperature will increase. If it is set vibrating in a chamber free 
from air it will stop vibrating in a short time, due to the absorp 
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f energy. In sueh eases the stress-strain curve appears to an annular fracture has been accomplished the specimen has be 
be straight and the curve for the removal of the load may be prae come very weak and the stresses have become so large at 


cally identical with that for the application of load, but still 

these other effects show loss of energy in the steel itself. 
[his loss of energy is doubt'ess due to small displacements 
ese flaws, which are not reversible. Under alternate loadings 


ese displacements are made back and Energy is con 


" 
lousiV HbeIne 


absorbed in the location of these small flaws, and 

is perfectly natural that they should increase in size. We 
must look upon these e. tensions of the tlaws as occurring In a 
vreat many parts of the steel. If the stresses are small the in- 
rease in size of these flaws is practically negligible, but if the 
stresses are larger the increase is rapid, and later on in the history 
the piece under test, very rapid, and finally the strength of the 


+ 


piece is terminated when a sutlicient number of these flaws have 
connected so as to form an area of very great weakness. 

For static loads all the above is of little consequence with a 
ductile metal; but it is of consequence in the case of a brittle 
metal like cast iron, which has a remarkably low strength in ten- 
sion in comparison with its compressive strength. Ductile metals 
may be considered as having a very high value for cohesion with 
a rather low coefficient of triction—or whatever corresponds to 
that—so that these metals begin to slide on diagonal planes with 
out aetual fracture under high loeal stress. 

When a ductile material is loaded it may be subjected to stresses 
whose average values for small areas are not very different for 
parts that are a tenth of an inch apart; but there is a multitude 
of tiny spots whose fiber stresses are 2, 3, 4 or 10 times the average 
value. This holds so long as elastic conditions obtain. As 
the applied stress increases some of these stresses increase in like 
ratio, but not in like increments. At moderate applied stresses 
these special stresses reach inelastic conditions and slipping 
oeeurs. If the average stress is now entirely removed, we may 
assume that the unloading takes place in a similar manner. The 
small spots unload first in an elastic manner, but at a different 
rate than the remainder of the material. They will unload ap 
proximately at the same rates as they used in taking stress, 
namely, 2, 3, 4 or 10 times the normal rate. For the unloading 
they have about twice the range of stress that they had in the 
oading betore inelastie action is set up. Some of them will 
reach the opposite limit and slip part way back again, while some 
of them may not be subject to this return slip of inelastie action, 
but will retain in the unloaded state a stress distribution of the 
opposite kind. Either of these actions will give rise to hysteresis 
and to slight change of dimensions, usually, however, too small 
to be detected. 

In all of the foregoing the main parts of the material have not 
been subjected to stresses which give inelastic action. If the load 
ing is repeated without reversal, the spots that slipped on the 
first unloading will be subjected to further slipping both on load 
ing and on unloading, but the areas that suffered no slipping on 
the first unloading should show no further inelastie action unless 
the loading is reversed, If the loading is reversed, however, all 
the particles that slipped in the first loading will slip on the 
reverse loading, so that with repetition a larger number of spots 
undergo this slipping action than is the case with loading which 
is not reversed. This explains the shorter life under reversed 
stress than under repeated stresses in one direction only. 

If the fractured surface of a “ rotating beam” specimen made 
of ductile metal and broken by repeated stress is examined, it 
is usually seen to be made up of two parts: (1) near the extreme 
fibers there is a dark surface with a dull, lusterless appearance, 
while (2) the remainder of the surface has a bright crystalline 
fracture. If these are examined more carefully it is found that 
their principal difference is in the size of the small flat surfaces 
that constitute the fracture. The center portion of the area has 
comparatively large surfaces, giving a crystalline effect, while the 
dull gray portion has very small surfaces of fracture. 

An explanation of this is that the flaws in the outer portion 
of the surface have connected to form an annulus, whose rugged 
face is roughly at right angles to the axis of rotation. This has 
doubtless occurred slowly, and has started from many centers, 
thus giving the rough face. After this slow growth of flaws into 


fracture that they suddenly tear the metal in two on the natura 
surtaces ot cleavage ot the erystal grains 

The center portion of this fractured surtace does not ditter 
from the erystalline surface at the bottom of a cup in an ordinary 
static tension fracture, except that the crystalline surtaces are 
somewhat larger. This is to be explained by the fact that in a 
ordinary tensile test the material at the fracture has elongated 
something like 100 per cent, so that the erystal grains have becom: 
of smaller cross-section and will naturally show smaller tacets 
on fracture, whereas, in a fracture of the endurance specimen, the 
material has had no chance to elongate and the erystallime grains 
have their normal size, which will be shown in fracture. It is not 
the erystalline portion of the broken specimen which has failed 
primarily by repeated stress, but the dull portion. In the erystal 
line part of the fatigue fracture and in the crystalline part of the 
static tension fracture the failure seems to be of the same nature, 
namely, a failure in cohesion. 

In considering the phenomena of fatigue failure it may be 
well to eall attention to the fact that there is an intermediate typ 
of failure of ductile material in whieh both plastic action and th 
development and spread of microscopic flaws are present. Such 
failures sometimes occur in stavbolts, boiler sheets between rivet 
holes, and other parts occasionally subjected to very severe loca 
distortion. 


LOCALIZED STRESSES UNDER Static LOADING AND UNpDER IMPA¢ 
LOADING 


When a machine member or structural part is loaded gradually 
a state of strain and accompanying stress is set up throughout 
it. In a general way the distribution of stress is similar to that 
given by the theory of elastic action which serves as a basis o! 
our formule for computing stress and strain. There are, how 
ever, many deviations from this distribution due to non-homo 
geneity of the material and to trregularities in outline such as 
When load is 


applied the general behavior of the piece as indieated by caretu 


projecting corners, seratehes and tool marks. 


measurements of stretch, compression, twist, or flexure conforms 
to that required by the common theory of elastic action, but ther 
are doubtless many localized strains which cannot be deteeted 
even by the use of delicate micrometer measurements. It is 

be recalled that in measuring strains it is necessary to use a gagt 
line of considerable length, with the result that the observed strain 
is an average value along a relatively long line. The localized 
stresses, corresponding to these undetected localized strains, are 
When the load 


is increased to such an extent that a considerable portion of the 


not of any great importance under static load. 


piece is stressed beyond the elastie limit, the distortion of the 
piece increases abnormally and the piece may be considered to 
have reached its yield point. After this limit is passed the 
distribution of stress is much modified, and for parts made of 
ductile material the abnormal distortion at the yield point 
usually gives warning of structural damage before complete fail- 
ure occurs. 

Under impact loading, which is merely loading applied in a 
very short space of time, the action is somewhat similar to that 
under static loading, except that ductile material may offer a 
higher resistance to very rapid fracture than it does to 
fracture oceurring gradually through a period of several 
minutes. Impact fracture, moreover, may emphasize somewhat 
the localized stresses set up at places where the structure of the 
material is non-homogeneous, or at places where there are sharp 
notches or deep scratches in the surface of the piece. Under 
slowly applied load there is opportunity for considerable adjust- 
ment and equalization of stress after the yield point is passed; 
under impact load there is probably less equalization on account 
of the rapidity of the action, and hence the localized stresses are 
higher and more effective in causing failure. This explanation 
of the action under impact is given here because repeated stresses 
also emphasize the effect of high localized stress, though for an 
entirely different reason. 
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Tests AND Criteria FOR FatiGUe STRENGTH 


It was formerly the common opinion that the determination of 
the elastic limit of a material by means of a static test in a testing 
machine gave a reliable test for the fatigue-resisting qualities of 
the material, and that the material could withstand an infinite 
number of repetitions of stress lower than this elastic limit. 
Tests at various laboratories, however, have quite thoroughly dis- 
proved this idea, and have thrown grave doubts on the reliability 
of the elastic limit as an index of fatigue strength. The term 
“elastic limit ” has always been rather loosely used, and covers 
several quite different stresses." The value determined for the 
elastic limit for any material depends on the sensitiveness of in- 
struments used and the aecuracy of plotting results, and the elastic 
limit as determined by such a test in a testing machine is deter- 
mined by the average behavior of the material over a considerable 
length, while the process of fatigue failure may be going on over 
a section so smal] that it does not appreciably affect the readings 
of the measuring instruments used. 
parative 


In several laboratories com- 
repeated-stress tests of different materials have shown 
higher fatigue resistance for the material with the lower elastic 
limit.” Fj 

Bauschinger in his classic experiments showed that the elastic 
lrmits in tension and compression as determined by ordinary 
testing-machine tests were variable limits, their value depending 
on the treatment of the material during fabrication. He ealled 
such limits “ primitive” elastic limits, and showed that when a 
gradually increasing range of alternat- 
set up two elastic limits in the bar 


specimen is subjected to 
ing stress there are soon one 
He called these limits, which 
may have values widely different from the “ primitive” elastic 
limit, the “ natural” elastic limits, and the range between them 
the “ range.” He also showed that a test specimen will 
stand several million repetitions of this elastic range of stress 
without 


in tension and one mm compression. 


elastic 


lallure, 


and proposed the “natural” elastic limits as 
indices of the fatigue-resisting strength of the material. J. H 


Smith “ has developed a somewhet simplified process of determin 


ing the elastic range. This elastic range seems a more reliable 
index of fatigue strength than the ordinary “ primitive” elastic 
limit, but the reliability of indices of fatigue strength based on 
determinations of any elastic limit by testing-machine tests is 
open to question on account of the possibility that localized 


fatigue failure may be in progress without affecting the readings 


of the instruments used im static tests. 


Wohler used as an index of fatigue strength the “ endurance 
limit of material as determined from a series of fatigue tests 


with different intensities of stress. He used the method of plot 
ting values of stress (S) against numbers of repetitions required 
for fracture (V) and determining by eye where this S-N curve 
“ practically horizontal.” Other investigators have plotted 
N or of (1/N)” and by extending 
the diagram till it intersected the axis of ordmates have deter- 
mined endurance limit for an infinite number ot 
repetitions of stress. Both of these methods involve enormous 
extrapolation of test data. Moreover, widely different enduranee 
limits can be determined from the same test data by different 
nethods of plotting values.” The tendency to irregularity of 
est results under low stresses makes the decision whether the S-N 
eurve is horizontal or slightly sloping downward one of very 
considerable uncertainty. 


became 
values of S against values of 1 


an assumed 


It has been proposed by various experimenters to compare the 
fatigue-resisting qualities of different metals by short-time tests 
vith stresses well beyond the yield point of the material. Such 
tests are quickly and easily made. Under such stresses, however, 
the action of the material is partly a plastic flow. Such tests give 
good promise of determining fatigue strength and toughness 
under occasional overload for parts such as staybolts, which in 
their ordinary service are subjected to rather severe distortion, 
but it is not at all certain that such tests give a reliable index of 
resistance of machine parts under ordinary working stresses.” 

It has been proposed by various laboratories to compare the 
fatigue strengths of various materials by comparing their life 
under repetitions or reversals of some standard stress, usually 
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less than the elastic lmmit of the material as determined by a 
static test. A somewhat similar standard proposed is to deter- 
mine the stress which will cause failure under a given number 
of reversals. Standard stresses proposed for steel are 38,000 Ib. 
per sq. in. (reversal) and 25,000 lb. per sq. in. (reversal). One 
million reversals has been proposed as a standard “ life.” These 
two types of test approach working conditions more closely than 
do the short-time, high-stress tests described above. However, 
they determine only one point on a S-N diagram for a material 
and do not indicate how fatigue endurance changes with change 
of stress. 

A comparative study of fatigue strengths of various materials 
can be made from a S-N diagram plotted on logarithmic paper. 
Up to about 1,000,000 repetitions of stress logarithmic S-N dia- 
grams fall quite closely along straight lines, and from the or- 
dinates and slopes of these lines the behavior of materials under 
intensities of studied. may con- 
veniently be made with stresses at about the yield point of the 
material, at stresses about 20 per cent lower, and at one or two 
intermediate stresses. 


various stress can be Tests 


Various other possible tests have been proposed for determin 
ing the fatigue-resisting strength of a material, but no test has 
been proved to be of sufficient reliability to be accepted as a 
standard. A number of tests, however, seem worthy of experi- 
mental study. 

The rate of dying out of vibrations in a “ tuning fork” speci 
men of the material has been suggested as a possible index of 
fatigue strength.” It is assumed that the gradual dying out of 
vibration is due largely to loss of energy spent in inelastic action 
in the material, and that such inelastie action is a measure of the 
fatigue weakness of the material. Test data are lacking to deter- 
mine the value of this test, but it seems worthy of study. 

Tests of magnetic permeability have also been proposed to 
locate internal flaws in the material and thus indicate its relative 
fatigue strength. The entire subject of the correlation of the 
the mechanical properties ol 
promising field of investigation.” 


magnetic and iron and steel is a 


The rise of temperature under repeated stress has likewise been 
ot 
a Specimen is subjected to reversed elastic stress no change in 


proposed as a measure fatigue resistance Theoretically, it 
temperature should take place, and it has been proposed to deter 
that 
the first noticeable rise in temperature after some thousand or 
more reversals. <A practical difficulty to 
secure proper heat insulation for the specimen. This test seems 


worthy of study, however, especially tf employed 


mine the endurance limit for metals at stress which causes 


in using this test is 


in an inertia 
type of testing machine (see Figs. 3 and 4). 

The detection of the appearance and growth of “ slip lines” in 
a specimen subjected to repeated stress gives some promise of 
furnishing a reliable test for fatigue strength. Slip lines appear 
long before fracture occurs, and if their appearance or the rate 
of their spread can be shown to be an index of fatigue strength 
it seems possible that a feasible laboratory test may be devised. 
The search for slip lines over any considerable area would, how 
ever, be very tedious. 

Impact tests, usually on notched bars in bending, have been 
The actions under im 
pact failure and under repeated stregs are very different, the first 
giving a sudden break of the entire cross-section of the specimen, 


proposed as an index of fatigue strength. 


and the seeond a gradually developing fracture. Both failures, 
however, seem to be affected by localized flaws or irregularities 
in outline, and though no definite correlation between fatigue 
strength and strength to resist impact has been established, yet 
such tests are worthy of study. Repeated-impact tests have also 
been proposed to determine fatigue strength, but whether such 
tests have any advantage over short-time tests under non-impact 
loads is not known. 

In all tests to determine fatigue strength it is of the highest 
importanee to secure uniformity of surface finish between the 
different specimens to be compared. Probably this can best be 
done by polishing the surface of the specimens where failure is 
expected. 

There is today no short-time test accepted as a standard test 
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fer fatigue. strength; but the development of such a test, and the 
establishment of its reliability, would unquestionably be of very 
creat service to testing engineers. 


LOCALIZED STRESS AND Irs INFLUENCE IN PRODUCING FATIGUE 


The ordinary formule and methods of analysis used in comput- 
ine the fiber stress in a machine part or structural member 
are based on the assumption that the material is homogeneous 
throughout, and that the cross-section of the member is either 
constant or that it changes its dimensions so regularly and 
gradually that there is no appreciable localized fiber stress at see- 
tions of rapid change. For structures and machines of ductile 
material subjected to not more than a few hundred loadings, such 
assumptions are reliable, because localized stresses do not appre- 
ciably affect the general deformation of a member, nor do they 
under ordinary working conditions cause trouble before the mem- 
ber has been subjected to some thousand or more repetitions of 
load. For nearly all parts, however, high localized stresses are 
present. Internal flaws may cause such localized stresses. This 
is shown by mathematical analysis of stress in plates with holes 
in them” and by direct experiment on such plates. ~ External 
Under bend 
ing or twisting a member with a sharp reéntrant angle in its out- 


irregularities of outline may cause localized stress 


line theoretically develops an infinite stress at the reot of the 
angle,” and actually both mathematical analysis and direet ex- 
periment show that very high localized stress may be caused by 
sharp grooves or scratches on the surface of a machine part or 
structural member. 

It has been stated above that for parts subjected to a few load- 
ings localized stresses are not of great significance. The case is 
quite different, however, for parts subjected to thousands of 
loadings. High localized stress may cause a crack to start, either 
directly or by “ cold-working ” the material where the localized 
stress exists until the material becomes brittle. This crack forms 
an extension of the discontinuity of the material which caused 
it, and under repeated stress tends to spread still more rapidly. 
This tendeney is illustrated by the action of a piece of plate glass 
in which a erack has started. In most cases under any repetition 
of load the crack spreads, and will cause final fracture of the 
glass. A fatigue failure under repeated stress is a progressive 
failure. This spreading of cracks to cause failure explains why 
under fatigue even ductile materials snap short off. Failure does 
not involve plastic flow of considerable masses of metal, but only 
of microscopic masses near the crack, and final fracture comes 
suddenly just as if the member were cut half off by means of a 
saw cut and then bent. The importance of avoiding localized 
high stress in members subjected to repeated stress can hardly 
be overemphasized. Homogeneity of internal structure, smooth- 
ness of external surface, and avoidance of sudden changes of 
cross-section may be more important in the construction of ma- 
chine parts subjected to repeated stress than is high static strength 
of material. 

Shoulders of crankshafts and of axles, keyways in shafts, serew 
threads, and rivet holes are examples of locations where high 
loealized stress is liable to oceur. 


RELATION BETWEEN Microscopic STRUCTURE AND FATIGUE 


A very large field of investigation and one in which very little 
systematic work has been done is the study by means of the miero- 
scope of fatigue failures in various characteristic structures of 
metals, especially steels. The following paragraphs are given as 
a summary of the theory held by present-day metallographists 
of the relation of microstructure of metal to its fatigue strength. 
Many of the details of this theory, however, lack adequate experi- 
mental verification. 

Annealed steel consisting of ferrite (pure iron) and cementite 
(iron earbide, Fe,C) seems to inerease in resistance to fatigue 
with the increase in carbon content, especially when the cementite 
is present in the form of plates as in lamellar pearlite and as long 
as the cementite does not surround the grains of pearlite.” When 


the cementite is. spheroidized, the. elastic limit as greatly decreased 
and probably the resistance to fatigue is also decreased. As a 
structural material, theréfore, a steel’ with considerable carbon in 
the form of spherical globules of iron carbide would have 
practically ‘no advantages over wrought iron. “When, however, 
the iron carbide is in plates it seems to havé’a marked effect 1 
raising the elastie limit, and probably increases the resistance to 
fatigue. We would also expect that complete and large networks 
of ferrite would lower fatigue resistance. 

The same arguments regarding grain size of single constituent 
metals hold to a certain extent for two component alloys. Fon 
example, such experimental evidence as is available indicates that 
the sorbitie structure in steel is the one which resists fatigue best 
This strueture is supposed to represent an extreme refinement otf 
grain in which the particles of iron carbide are very small, and 
hence the particles of ferrite must also be very small. It is true 
that some of the iron earbide may be in solution in the iron, but 
it is more probable that the mechanical properties observed can 
be accounted for by an extreme reduction in the size and by th 
dispersion of ferrite and cementite particles. When these globules 
are made larger by heating to a higher temperature than that at 
which the sorbite was formed, granular pearlite results with re 
dueed fatigue resistance. 

When a high-carbon steel is quenched from above the eritical 
range to form martensite, the metal becomes extremely brittle 
The normal path of statie rupture in brittle martensite is at 
the old austenite (solid solution of Fe.C in gamma iron) granu 
boundaries. The path of rupture in fatigue has, so far as 1s 
known, not been ascertained. From certain tests on the resistance 
to fatigue of chrome-vanadium steel after various heat treat 
ments, Dr. C. M. Olmstead, of the C. M. O. Physical Laboratories, 
Buffalo, found that the steel in the martensitic state, that is, as 
quenched, had a very much lower resistance to fatigue than after 
reheating to about 1100 deg. fahr. The maximum resistance to 
fatigue occurred by quenching and reheating to 1000-1200 deg 
fahr. (538-648 deg. e-nt.), and there was very little differenc 
between the specimens tempered at 1000 deg. and at 1200 deg 
There was a marked difference, however, between these and th¢ 
samples tempered at lower temperatures or those not tempered at 
all. This is the heat treatment that is commonly given to auto 
mobile parts which must withstand fatigue stresses, and which 
may be subjected to shock. The tempering of springs is done at 
a little lower temperature, but it is not certain that the spring 
structure is the one having the highest resistance to continued 
repetition of stresses. 

It seems from the above that martensite is not a suitable mate 
rial to withstand fatigue stresses, and that some mtermediate 
structure between martensite and the annealed or normalized 
structure will have the maximum resistance to fatigue. This 
structure is called the sorbitic structure and corresponds to that 
used in automobile springs and other parts of automobiles which 
must resist fatigue and shock stresses. 


FORMUL FOR DESIGNING Parts SUBJECTED TO REPEATED STRESS 


All formule which have been proposed for designing parts sub 
jected to repeated stress depend upon extrapolation from test 
results and should therefore be regarded as tentative. Their use 
is Justified only on the ground of necessity. Parts must be de 
signed to resist repeated stress, and even formule derived from 
a confessedly inadequate experimental basis seem better tha: 
mere guesswork. Two types of formula have been used.” 

In many discussions of data of repeated-stress tests, it is as 
sumed that there exists some definite “ endurance limit,” that is, 
some stress, greater than zero, which can be repeated an infinit 
number of times without causing failure of the material. If suel 
a limit exists it is certainly lower than the elastie limit of the 
material as determined by static tests, for actual failures of 
materials have occurred under repeated nominal stresses as low 
as one-quarter of the elastic limit as determined by a statie test 
Examination of test data indicates that the endurance limit is an 
assumption rather than a proved fact. It is usually determined 
by plotting a diagram with stresses as ordinates and number of 
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repetitions producimg talus abseisse and estimatit he stres 
i for which the diagram seems to become horizontal. Vario other 
iethods have been proposed, but all involve this asSummptior 
In 1910 a paper ° presented before the American Society for 
i Testing Materials pointed out that an examination of the resu 
y Oo numerou series OL repeated-stress tests indicate that for 
; nearly | the range eovered the law of resistance peatec 
re may be expressed e equator 
s AN 
which S is the maximum unit stress developed in tly L piees 
V the number of repetitions of stress necessary to \ ir 
ind A and m are constants depending on the mater ore 
vhat on the manner of making the test his 
expo ntial equation tor re peated stress 
\nother form of expression for the abe ( re 
quently more convenient, is 
log S logy A m log N.. 9 
If the logarithms of S and N are plotted, o1 it’ the ilue rm 
V are plotted on logarithmic cross-section paper, Equation | 2 
represented by a straight lin Fig. 7 shows the S-N « rrA) 
ven by L series Ol repeated-stress tests In ig ia rdinal 
oordinates are used, b itu Fig Tb the coordinate 3 iril 
( Ko irge values of N the exponential equati vives 
iny ¢ es values of S smaller than the observed values; in other 
ord he expor ! seems to err on tl le of 
| : 
It will be noted that the use of the exponential ton nvolve 
i i | ptior tha ny ress repeated otter el ist W 
el wWaity produce lallure ol the material. Thus Wi ( potn the 
lurance limit and the exponential formula are based extra 
lation from known data, the exponential tormula seen to be 
| n assumption on the safe sid The working stresses de 
loped by the two methods do not differ rreatly except lor men 
rs subject to more than ten million repetitions of stress. Above 
hat number the exponential formula requires lower working 
tress, but even then the stresses given by the ¢ xponential tormula 
ire not mmpracticably low 
While nothing but tentative formule can be proposed now, 
ome features which a satistactorv formula for fatigue strength 
P should inelude may be noted. It is probable that such a formula 
for any material will not depend on ordinary statie qualities of 
the material such as elastic limit or tensile strength. It may 
lepend on some form of elastie limit determined after the material 
as been put in a “ eyelic ” or “ normalized ” state by a numbet 
reversals of stress. Such a formula will quite probably con 
bs un tactors dependent on the surtace finish of the part and upon 
e uniformity and regularity of its crystalline structure. It will 
ontain a factor dependent on the range of stress during a evel 
Such a formula may contain a faetor dependent on the probable 
imber of repetitions of stress which the part may be expected to 
vithstand during a normal period ol service, or the result may 
an “endurance limit a stress which the part is capable of 
thstanding so many times that even for modern high-speed 
achinery the number of repetitions may be regarded as infinite 


SPECIAL SUBJECTS NEEDING INVESTIGATION 


Long-Time, Low-S Tests of Metal 


atique 
own today whether machine or structural parts can 


bein it is not 
withstand 
It 


known what share of blame for the oceasional failures of 


n infinite number of repetitions of any stress, however small. 
\ nat 7 


specimens or of actual parts in service under low nominal 


ress should be attributed to weaknesses in the metal structure 

» localized damage to the surface with resulting increase of 
wahized stress over nominal stress, or to “harmonies” of hig! 
ress due to interference ot waves of stress traveling through the 


There should be undertaken an extensive series of long 


low-stress tests on typical irons, steels, and other metals 


doubtful whether any series of tests can settle the question of 


( 


4 existence of an endurance limit, but a considerable amount of 
data for endurances up to, say, 100,000,000 repetitions will 


ve a better basis for working formule than is now available 
Study and Diffs rent T¢ sting 


Comparison of 








Var hine S for 
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itidue ] sf Lith rel testing machine or determinil 
ativue-resisting qualities do not alwa vive Cor ‘ esults 
\ series ot test o! samples ot several t pi il me run or 
irious testing machines should eive ome dea e re 
bilitv « VArIO tyre ot te ! mine ’ and we é ible 
yrrela lo? o be made be wee! t ( tere f ma ! iy 
| series oO i ic test care il @} ea ind ere r 
the ’ rial should he mac to Ww ire ! ) hoth o 
emu il CoO ent and ol true ire (are } ’ ) ‘ ress 
d torsion te should also be made isto nu ré or t 
static rengt qualitie and to e data 1 ay ) 
correlatior between static strengt! ind tatigue trenet! Shor 
time, hig! strain, repeated stre tests and Impact test hould 
kewise be made to give data for the study of correlat vetweer 
toughness, in pact resistances and taticu strength All test spec 
nens should be prepared wit! reat care and riace tior 
eo kept As 1! iorm as pos ple | Ippear hat Tor } 
eould be best secured by o no the irtace a i7h polish 
" » “ 
if ~ = 
be PS 
ers ~~ : 
\ r ao | Tg 
re... . se ‘i 1 t 
~~ ~~. 
Fic. 7 STRESS-STRAIN DIAGRAMS 
Relative Importance of Surface ¢ on and sStructurat 


( haracteristics as 


Shown by the 


Vicr pe 
be 


mpertection or at an internal flaw, such as a 


It seems practically 


certain that fatigue fractures may started either at a surface 


‘snowflake ” or a 


de 


In connec 


‘transverse fissure.” The Importance ol these two types of 
feet might well be the object of experimental study. 
tion with such a study there should be a study of methods of 
deteeting internal flaws, such as deep etching “, and 


methods of indicating the degree of perfection of surface finish 


a study of 


Effect of Grain oize of Vetal on Fa gu Stre nath. On this 
subject Rosenhain * says: 

rhe question then arises othe thi reased size of crystals 
rroduced in a simple metal by prolonged heating is injurious o1 
otherwise, so far as the usefu roperties, and more especially the 
nechanical properties, of the metal are concerned. ‘There can be 
ittle doubt that within reasonable limits the mechanical properties 
of a simple metal are better the smaller the constituent crystals of 
which it is built up Under the tensile test, coarseness of struc 
ture usually results only in a slightly lowered yield point, while the 
ultimate stress and the elongation are little impaired, although the 
reduction of area at fracture is sometimes markedly less. On_ the 
other hand, under both shock and fatigue tests, a coarse structure 
even in a simple metal, gives unsatisfactory results. 


Tests and service records quoted by Jeffries and by Ruder tend 
to confirm this opinion in the case of copper. Fine-grained cop 
much more resistant t 
Also if tl limit 
is determined by delicate instruments, it 


per 1s very o repeated stresses than coarse 
ot 


Is generally ic 


grained copper. e elastic fine-grained metals 


yund to he 


greater than that of the same metals in the coarse-grained stat 
Systematic tests should give us a firmer basis for conelusions ir 
this important phase of fatigue phenomena 

There have been found no records of microscopic analyses 
dealing with the path of rupture under repeated stress in steels 
having various structures from martensite to the normalized state 


\ study of the path of rupture and the manner of ruptur 
these samples would be most interesting 

Deve lopment of Special Tests for Fat 
ent there 


\ ; 


strength which has been 


gue Strengtl pres 


is no short-time test for fatigu 


proved to give reliable results. Some tests which give promise 


of usefulness are 
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1 The Rise-of-Temperature Test used by Mr. Stromeyer.” In 
this test the highest reversed stress which a specimen can stand 
without appreciable rise of temperature is taken as an index of 
fatigue strength. 

2 The Development of “ Mechanical Hysteresis.” If a fatigue 
failure is in progress in metal subjected to repeated stress, very 
small amounts of energy are lost during every cycle of stress. 
The energy lost during each cycle may be too small to measure, 
but atter some hundreds or thousands of cycles the cumulative 
effect of the losses may become appreciable. This loss may ap- 
pear as a “loop” in the stress-strain diagram for a complete 
eycle of stress, and this indication may be detected at a compara- 
tively early stage of the fatigue failure. Dr. Stanton of the 
British National Physical Laboratory has made some experimental 
study of this development of “ mechanical hysteresis,” as this loss 
of energy is called.’ It is possible that mechanical hysteresis may 
be studied by the dying out of vibrations set up in a test piece, as 
has been proposed by Boudouard.” 

3 Magnetic Testing of Steel for Fatigue Strength. The 
structural damage done while a progressive fatigue failure is 
occurring may, possibly, be detected and measured by the change 
in magnetic permeability of the steel. Burrows, Dudley, and 
Sanford” have done some experimental work on this subject, and 
magnetic analysis seems worthy of study as an index of fatigue 
strength. 

4 Impact Tests and Repeated-Impact Tests. Although the 
action of metal under impact is very different from its action 
under repeated stress, yet both impact and repeated stress seem 
to emphasize local irregularities and imperfections of surface or 
structure. It may be that a repeated-impact test may be devised 
which will give a reliable measure of fatigue strength, and which 
will do so in a comparatively short time. Such tests seem worthy 
of study, though their value as tests of fatigue strength cannot be 
said to be established. 

It is believed that the foregoing paragraphs outline ftunda- 
mental investigations, many of which should be undertaken at an 
early date. Experimental study of typical metals under long- 
time, low-stress tests; study by means of the microscope of the 
phenomena of fatigue failure in metals of various crystal struc- 
tures; and study of reliable test methods of determining fatigue 
strength constitute, in the opinion of the Committee, the funda- 
mental line of research in fatigue phenomena. Once such funda- 
mental tests have made fair headway, especially the determination 
of a reliable test for fatigue strength, a large number of problems 
sall for study, among which may be mentioned: the effect of sur- 
face finish; the effect of various heat treatments on fatigue 
strength; the effect of cold-working and of hot-working of metal 
on fatigue strength; the effect of intervals of rest in restoring 
fatigue strength; the effect of range of stress; the effect of com- 
ponnd stresses; the effect of speed of repetition of stress; a study 
of waves of stress in machine members; and fatigue studies of 
full-sized members, such as railroad rails, riveted joints, wire 
ropes, car and truck axles, erankshafts, and power-transmission 
shafting. 
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Under the sundry civil service bill the Couneil of National 
Defense has had its unexpended balance for the fiseal year ended 
June 30, 1919, reappropriated to it. Plans are now being 
matured for the return of the Couneil to its peace-time functions, 
whieh, according to the Act of Congress creating it, are “ the 
coordination of industries and resources for the national security 
and welfare and the creation of relations that will render possibl 
in time of need the immediate concentration and utilization ot 
the resources of the nation.” It is the intention of the Council 
to collect, study and centralize in a scientifie way all information 
bearing upon the national defense, particularly with regard to 
the mobilization of industries, science and labor in time of war. 

The entire expenses of the Council up to May 1, 1919, were 
only $1,500,000. It is estimated that more than $3,000,000,000 
was saved to the Government by the prices which the Council's 
experts on raw materials, minerals and metals made in the pro- 
eurement of iron and steel products. 
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Torpedo-Boat Destroyers in the Making 


By COMMANDER JAMES REED, 
The American destroyer and the spectacular part which it played 
during the war in convoying troops and combating the submarine 


The de- 


stroyer has fully justified its existence as a distinct naval type, not 


are subjects of almost universal knowledge and interest. 


only because of its value for scouting, screening, convoy service, and 
coastal attack, but also on account of us use in major engagements 
hetween fleets. The development of the destrover has been a logical 
one and Commander Reed first presents in his paper a brief historical 
followed 
so-called 
1918, 
the keel 
This is a record in ship construction and one that has never even 


It and 


trasted with the two to four months required to complete some of the 


review of modern 


hy 
“ Liberty Destrover,” 


{merican torpedo craft. This review is 


a non-technical description of the construction of the 
the Ward, which was launched on June 1, 


64 per cent complete, and only 17's days after the laying of 


heen approached. is a remarkable achievement when con 


earliest torpedo vessels it brings a realization of the advances 


creat 


that have occurred in the art of shipbuilding 


HE terpedo-boat destrover, or more bri the ** «le 

strover,”’ as the type is generally knowr trictly 

ogical development of the torpedo boat ( hi 
st : the modern superdreadnaught is a deve { 








rig. 1 U.S. Torrepo Boar Farragut 
, rial! in 1800 , marta 
' rot Eriesson. The destrover is the answer to the torped 
t t as the destrove1 proved capable of pertormir il t 


ns of her smaller prototype and also possessed more 


rthiness, comfort, radius of action and power of attack 
defence, it soon forced out the smaller torpedo boat, whiel 
est was but a small, dirty, uncomfortable and weak unit 
emands for higher and Ingher speeds—-and sustained sea 
ds at that have resulted in great increases in horsepower, 
iral strength, and freeboard. The latest types of United 
tes destroyers have a speed of 35 knots in cruising trim, 
ch means practically in war condition, and not over a meas 
red mile in stripped condition and with favorable wind and 
inder which e:reumstances certain marvelous foreign speed 
rds are known to have been made. It is accordingly satis- 
ng to learn that in joint operations during the war our 


estroyers compared more than favorably with the British and 
‘rench as regards strength, seaworthiness, speed, armament, and 
nfort 
The designing and building of a successful type of modern 
estroyer brings into play the highest skill of the naval areh- 
tect, the marine engineer, and the shipbuilder, due to the sacrifice 


in accommodations for both officers and men 


all other considerations to those of speed, armament, sea- 
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During the whole period of their operations abroad no American de 
royer ever returned to port because of stress of weather 
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worthiness, strength and cruising radius. The 


an overgrown racing motorboat, and her lines are therefore radi- 
cally different from any other type of sea-going vessel For 
example, the ratio of beam to length is less than 1:10, and her 
draft is very shallow for her length, being only 9 tt. for the 
latest 315-ftooters. 

Conclusions drawn from the world war have not ten ed 
the long discussion upon that favored topic amor | naval 
authorities—as well as interested layvmer n regard to the re 
tive value of the s iperdreadna wht tvpe ot Wal Llowe eT, 
ill aut rities are agreed that the tory ( ! er as 
come into its own and has fullv justified its « : ce is a ¢ - 
tinct naval type, not only for submarine iInting t also for 
efficient use in convoy service, in scouting a ( ning I 
oastal uttacks bot! alone and COr 1! I ps 
neavie tvye aw airera ad evel ! re ! 
hetweer fl gg 

Ie \ - or D oO’ . 
he early torpedo boats carried the ry ‘ 

neo ’ the how o ‘ el re 





Fic. 2 ULS. SS 
sisted in steaming ead-ol ‘ e enen Sst aing 
the “spar” torpedo on conta OL ¢ rse su voule 
tne practical Vv harmless to a mode rn superareadt 4 W > 
extravagant protection against torpedo attacl were 
small and not very tast accor ne to presel a put 
with the inetheiency of runfire in those days ‘ ld ive 
probably been successfully used for night attack a ~ f one 
were reconciled to the probable loss of the atta : it and 
erews. War service on board one of these torpe cri would 
have proved highly azardous, especially sine s was long 
hefore the invention wondert non-sinka preser 
suits which have been popular for Atlantic tra luring the 
past three vears, and in wiluel t is reputed one car vat around 
until death from starvation occurs. 

With the development of a more or less satisfactory self 
propelled torpedo by Whitehead about 1880, the spar-Lorpedo 


t poatl 


vave 
) 


boat 
place to a larger, speedier, and more seaworthy type 


which was really not much more than a pick 


oT 


with corresponding increases in complement and cruising radius. 
These boats launched their torpedoes from single tubes on deck, 
up 


nly « 


and their power of attack was limited to their torpedo « . 
the of their 


machine guns or rapid firers of the smallest ealiber. 


ment remainder armament consisted o t 


as 


The first torpedo boat in the United States Navy using self- 
propelled torpedoes was the Stiletto, a little wooden yacht 88 ft. 


6 in. long by 11 ft. beam by 3 ft. draft, purchased from Her- 
reshoff $25,000. She 350° hp. and 


for was single-screw, of 














tt knots. For 


Station, 


veloped a speed of 18.2 many years she was 


mployed at the Torpedo Newport, R. 1., for practic 


ring of 


tol pedoes. 


he first steel torpedo vessel for our service, very appropriately 
named the Cushing, was authorized August 3, 1886, and built 
by Herreshoff for $82,750. She was 138 ft. 9 in. lone by 14 ft 
beam by 4 ft. 10 in. draft and displaced 105 tons. Her engines 
were twin-screw, vertical, quadruple-expansion, and her speed 


Zan LS-in. 


W hitehead 


and her con 


Her armament consisted of thre 
tubes and 1-lb. 


plement was three officers and twenty men, the same complement. 


» knots. 


torpedo three rapid-fire guns, 


it may be noted, as that of the famous little submarine chasers o1 


the present war. 
Ihe Cushing was followed by the Rodaers 
Winslow, Du Pont Porter, all of 


Spanish-American and 


loote, 
which saw 


Ericsson, 
and 


War, 


service in thi 


hard serviee at that, as 


any ol! 
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Fic, 3 THe MoLp Lorr 
During the laying out of the molds for the main deck of a destroyer 


the officers who were on duty on board them will testify, even 
though they did not operate in the cold, foggy and boisterous 
North Sea in pursuit of the elusive “tin fish.”’ 

In the group of torpedo boats placed in commission shortly 
after the Spanish-American War, the Farragut (Fig. 1), de 
signed and built at the Union Iron Works, San Francisco (now 
the Union Plant, Bethlehem Shipbuilding Corpn., Limited), is 
This little one trial attained a 
speed over a measured mile of 31.7 knots, which was an ex- 


worthy of mention. vessel on 
tremely high speed for any war vessel at that date (1899). It 
is of interest to note that the Farragut still holds the reeord 
from Mare Island Navy Yard, Cal., to San Diego, a distance of 
500 miles, which she covered in 1910 at an average speed of 
27.3 knots, a remarkable performance for a coal-burning vessel 
of her size. She served throughout the present war and on one 
occasion in 1918 made over 26 knots in service while heavily 
loaded. 

About 1902 the first of a group of sixteen destroyers for the 
American Navy were completed and these boats have been in 
continuous service ever since, all having done good work in the 
war zone. Their dimensions were practically identical; namely, 
displacement (actual), about 560 tons; speed (average), 28 
knots; armament, two 3-in. guns, five 6-pounders and two single 
torpedo tubes. 

These boats were followed by several classes of destroyers 
gradually inereasing in size and power until the United States 
entered the present war. At that time the latest destroyers were 
of about 1000 tons displacement, 30 knots speed, carried four 


4-in. rapid-fire guns, and four double torpedo tubes. (The 
depth-charge armament was installed afterward.) These were 


“hich bow” boats, with a foreeastle deck ending at the bridge, 
as will be seen in Fie. 2. Soon after we entered the war the 
first of the “flush deck” type of destroyers was produced and 
this type has now been standardized for our Navy. 


Tue Navy’s Latest Type or DESTROYER 


The general characteristics of the latest destroyer, as com- 
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pared to the little Stiletto previously mentioned, will possibly 
be of interest. The new type has a length of 315 ft., a beam of 
30 ft. 10 in., and a draft of 9 ft. 4 in., with a displacement of 
about 1200 tons. The armament consists of four 5-in. rapid-fire 
guns, two 35-in. anti-aireraft guns, three machine guns, four 


triple torpedo tubes, and large numbers of 


«ie pth charges 


The inboard profile of one of our modern destroyers reveals 
the fact that an enormous amount of space is given over to 
machinery. The crew of 130 men sleep in wire-mattressed fold 


ing bunks instead of and 


n hammocks as on the larger ships, 


each man has a metal locker for his effeets. The men mess and 


sleep in the same compartment. The officers’ quarters are roomy 


and comfortable and equipped with metal furniture throughout 
Forced ventilation is provided in all living spaces by means 


of electric blowers. Other eleetrie eg upment consists ol laundry 


machines, refrigerating unit, and a coffee percolator, toaster and 


warming oven for the pantry. The galleys have oil-burning 


also steam coffes urns and steam cookers. Running 


ranges, 


water and showers are also provided for both officers and men, 


but tubs are not installed because of the space required, the 
larger consumption of fresh water, and the weight involved 
This question of weight 1s a most serious one in vessels of 


such high speed and most careful designing is necessary in order 


to secure the maximum strength with the minimum weight. In 
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laver out i! painted on eac mold 











Fic. 5 A PLate LAiw orr ReEApyY FOR FABRICATION 


recent years advances have been made possible through 


great 
the generous use of high-tensile steel, for by its use radical 
reductions in seantlings throughout the vessel have been effected. 
Attention is invited to the 
shapes throughout a modern destroyer. 
bulkheads is only 5 Ib., or 3/20 in., 


extreme lightness of plating and 

The hghtest plating on 
Deck thick- 
from 5 to 20 lb. per sq. ftt.. and shell plating from 
7 to 18 lb. per sq. ft. (7/40 in. in thickness 

In addition to the use of extremely light 
hgehtening 


approximate.y, 
nesses Vary 


‘ials throughout, 
punched or burned by oxy- 

girders, brackets, ete., and 
wherever practicable corners are snipped off beams and frames; 


mate 
holes for purposes art 


acetylene in all floors, web frames, 


holes, ete., and all 
In connection with the light 
scantlings of torpedo eraft, the annual report of the Chief Con 
1897 bears this remarkable recommendation: “ The 
must be kept in good 
To do this most 
boats as far as 
vater and under cover.’ 
throughout the 
whole strueture these vessels have proved wonderfully strong 1 


butt straps are also scalloped between rivet 
this is done to save a few pounds. 


structor ot 
will be in 


remalning boats reserve and 


condition ready for service at short notice. 
economically and to prolong the lite of the 
possible, they should be kept out of the 

In spite of all this eutting down in weight 
service, as is demonstrated by several serious casualties experi 
stern of the 
dept! 
where the entir¢ 


enced in the war zone, notably the one where the 
Vanley was blown off by the explosion of her 
charges, and the case of the Shaw (Fig. 6), 
bow from the bridge forward was eut off by a 
the mammoth Cunarder Aquitania while zigzagging at a speed 


of 24 knots. The Manley was towed into port. but the Shaw 


own 


eollision wit! 
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roceeded under her own steam, and both have since be: re 
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red and placed in servie 


Due to the intricate wa 


) ire practica ! 1 
1 result of any ordinary casualty in service 
\! wa to rea an appreciation of the « il 
ength ot these light eratt is to consider the tremens 
ver installed in them in order to secure the speed d 
a] ? SOLE 
trial, which power approximates closely to that 
latest s Iperdreadnaugiuts. his power 1s carried 0 i «dis 
ement only one-twenty-hith as great as m thie all D, 
doin a space of less than 4200 sq. ft. for boilers, engines 


all auxiliaries llence, it will be seen that 


de sulligient power for these destroyers is comp ratively 
house it im the ill to be driven, and to design 
vr foundations and strength members to hold ur . 
blems in such a sma ill where weight savir 


tal 


Importance, 


dy ly those who have been on board ot one ot these ae rovers 


I 


le it was tearing into a head sea at a speed above 5 

hour can sense the tremendous power their slender, « 

is contain. Their main engines consist of steam turbines 
nnected through reduction years to two shafts drivu tw 
ews up to 480 rp.m. Skill in balancing all rotating part 


reached such a high degree that there is practically no vibra 
n d 1e@ to the engines or propellers even at the hichest speed 
with regard to erutsing radius the latest class of 


rrv sufficient fuel oil to eross the Atlantie at a speed abo 


Mopern Metuops or BuILpING DEstTrR 


> e: 


\fter the general characteristics for a proposed 


re determined by the General Board ol 


RS 


class otf de 


N 


roved by 


the Secretary, tentative plans and « 


stimates 


art 


ared 


by 


the 


neering, an¢ 


mendations 


Bureaus 


of 


Ordnance, 


Construction and Repair, Stean 


ind these form the basis of the 


of the Secretary for the necessary Congres 


appropriations. 


When the appropriations are made 
eaus concerned get out contract plans which, after approval 
e Seeretary of the Navy, are forwarded to various ship 
ding firms and navy yards for bids. These plans are general 
haracter, and contain no details. After the acceptance of 
which frequently offers a modified design embodying thi 
er’s ideas, the following steps are involved in the building 
the destroyer: 


| Ordering of the material 

2 Preparing detail plans for both hull and machinery 

} Laying down lines in the mold loft and preparing the 
molds (construction of machinery is usually starte: 
at about this time) 

+t Laying off and fabricating structural material 

» Assembly of fabricated material 

6 Erection of fabricated material (hanging and bolting 
up) 

‘ Riveting and ealking 

S Testing 

' Launehing 

Installing of machinery, armament and outfit complet: 

Dock, builders’ and acceptance trials of the vessel 

Commissioning and fitting out. 


ring of Material. Orders for material are made up from 


ENGINEERING 


ble, since it 1s mac nervy, 1 
the date ot delivery « the | ed ve 
Preparw 1 Deta Pla) nere re abou 1100 q 
o cover all the ! 
a great saving 1 pot time and expense i 
Navy Department n the ise DY era 
Irom one set otf the detail p ( 
l¢ eloping Ss n |} i 
Lawina Dow) fi Py 1 ) V 
rikine ? y? ( loor ( ‘ 
essel il Is The rms a aval VeSSé« re el ( 
1) towing tua l de n the Model Tank at the \\ i 
Navy Yard and recording the re tanes 
are the intersections of the hull and decks certal 
reguiar stations with three different planes at r : 


each other as follows: 


a The vertical longitudinal plane (shee 
b The horizontal longitudinal plane (ha 


c The vertical transverse plane (body plan 














Fic. 6 Tue Ward 
Lowering the 


First Day 
‘assembled stern into pla 


From these lines, together with certain additional ones that are 
used in those parts of the ship where extreme eurvaiure o 


the expanded dimensions as well as the 


curs, 
shape ol every piece 
entering into the ship’s strueture may be obtained, and a wood, 


ing all the details of the fabrication of the piece. 
Every seam, butt, lap, cut and bevel of the plate or shape, as 


paper or metal pattern, as shown in Fig. 3, ean be made up show 


the case may be, is indicated on its proper mold (Fig. 4), whic 


al Schedule Sheets, which show the type, dimensions, 


also 


usually 


Carries 


number 


+} 


the piece 


(trom 


the 


Material 


and distinetive 


marks 


of 


each 


piece 


entering 


Into 


Schedule), the location in the ship, the description, and the job 


and when required the assembly drawing on which 


order number 


on 


which 


; 


the work is to be performed 


Heavy 


s. The main orders to the steel mills do not, of course, 


paper is used for some molds, and 


by certain shipbuilders even to 


In such detail as 


the 


various 


weights 


and 


$1Zes 


are 


the exclusion of wood. 


} 


At the Mare Island Navy 


Yard, 


in 


ord r 


ed for the mills, wherever practicable, into classes of more 
s Standard dimensions, and the detailed schedules follow 
Orders for main and auxiliary machinery not supplied by 


] 


pbuilder from his own works are placed as early as pos- 


to keep out moisture and avoid shrinkage, all wooden molds aré 
shellacked by the use of a pneumatic painting machine. 

The loftsman is a real practitioner in analytical and des rip 
live geometry, and upon the accuracy of his work depends muel 
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of the success or failure when the fabricated material comes to 
the shipfitter for erection. Half-holes, unfairness, ete., result 
from inaccurate mold-loft work and these errors are very serious 
in a destroyer where all structural members are thin, and where 
fairness of holes and of form throughout is essential. 

Laying Off and Fabricating Material. The molds go from the 
mold loft to the shipfitter, who lays off the structural material 
by clamping the mold in its proper position upon the steel plate 
or bar and then marks up the piece according to the instructions 
on the mold, which is really his pattern for cutting the goods. 
There are 411,252 rivets by actual count in one of these destroy- 
and it will be noted that each rivet. hole is indicated on a 
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mold where the universal system is used, as at Mare Island, and 
the location of each hole is punchmarked on to the plate or bat 
in laying them off as shown in Fig, 5. 
to the shop for fabrication, that is, rolling (if required), shearing 


The material then goes 


to dimensions, punching rivet holes, edge planing, punching or 
burning out lightening holes by the use of oxy-acetylene torch, 
and weighing. The weight of every piece entering into the strue- 
ture of the ship is carefully estimated in advance in order that 
the displacement of the vessel may not exceed that for which it 
was designed, and a constant check is kept on this by actually 
weighing everything prior to placing it on board the vessel. It 
is not unusual for a destroyer to actually displace on completion 
a tonnage of water which will vary less than five tons from the 
displacement which was estimated in connection with her design. 
This is an accuracy of 0.4 per cent for a 1200-ton vessel. 
Assembly of Fabricated Material. Prior to laying the keel 
practically every piece of structural material is laid off and 
fabricated, ready for assembly, and in the ease of the Ward the 
following preliminary assembly and riveting was performed: 
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a Keel in sections with clips for floors and frames attached 

b All main structural bulkheads complete with bounding 
angles 

ce Web and belt frames and beams 

d Frames with floors and bulkheads attached 

e Deck houses 

f Stern of ship including stern post and frames to bulk- 
head. 


Erection of Fabricated Material. Having assembled the mate- 
rial as outlined in preceding paragraph, the keel of the Ward 
was laid at 7.45 a. m. on May 15, 1918. keel was 


in place riveting the various sections together proceeded, and the 


As soon as thi 


clips on 


various frames with floors attached were bolted to the 
the keel, while the main structural bulkheads were dropped into 


place complete. The frames were temporarily held in proper 
register by a longitudinal rib-band shore at the turn of the bilge 
and another support from the scaffolding at the top of the sheer 


strake near the deck edge. The bottom plating was then placed in 


proper position and bolted to the frames, and the stem erected 
and the tabrieated stern of the sl Ip placed In position, as ind! 
cated in Fig. 6. Next the plating of the platforms and decks 
was laid on (Fig. 7), and as the bolting-up throughout the struc 
ture proceeded rivet holes were reamed throughout and riveting 
gangs followed. The deckhouses were placed in position as were 
all other deck erections (Fig. 8), such as ventilation trunks, four 
dations, skid beams for carrving boats, davits, ete., as fast as the 
deck was ready to receive them. 

Riveting and Calking. In the assemblv of the tabricated 
material 183,000 rivets were driven prior to laying the keel 
of the vessel, and 165,000 were driven thereafter before launch 


Eighteen riveting gangs were employed, and the average 


ing. 


number of rivets of all kinds per day per gang was 587.5. Work 


on the vessel was not continuous, averaging only eighteen hours 
out of each twenty-four. Overtime in general was restricted to 
two hours, but a few trades worked three hours over eight hours 
during part of the 17-day period. The ordinary rough-fisted 


riveter, trained in structural-steel riveting, or on merehant work 
makes a sorry job of destrover riveting, where the greatest car 
and skill are necessary to insure a tight, well-shaped joint without 


hammering of the light high-tensile plating adjacent to the rivet 


hole. Careful packing and thorough bolting up are essential to 
a properly watertight or oiltight job. The calking must also be 
skilfully performed on these light vessels or the very object ¢ 


this work will be defeated. 
A few of the the best Mare 
Ward may be of interest and Table 1 is accordingly giver 
Testing. f the Navy 
in regard to bulkhead strength, water and oiltightness, 


records ot Island riveters on t 


The strict requirements ¢ specitica 
are insured 
by actually testing the various compartments under a head o 
water, while others are tested under air pressure. Of course t 
fire rooms must be airtight to meet the demands of forced-drat 
operation in service, these spaces being under pressure at al 
times while steaming. 


are tested for tightness by playing a hose on them. 


Decks, hatches, airports, deckhouses, et 


Launching. The operation of launching consists essentially 


of simply transferring the weight of the hull from the blocking 
cribbing and shores, upon which it has been supported during 
construction, to two parallel launching ways, one running eac! 
side of the keel for a portion of the vessel®s length. These way 

are in two parts, the lower fixed section comprising the ground 
rays, the upper, which carries the cradle in which the ship rests, 
the sliding ways. The ways are laid at an inclination 
horizontal, usually about 25/32 in. to the foot and the smoot 

facing surfaces of the ground and sliding ways respectively ar 
thoroughly greased. Upon releasing a trigger, dropping a “ dog 
shore,” or sawing through a timber holding the sliding ways t 
the fixed ways, the vessel starts on her journey down the ways 
Actually, there is a great deal of careful caleulation necessar) 
preliminary to this launching operation, which unfortunately 
does not always pass off smoothly. Sometimes the ship balks 
refusing to start, or goes so slowly that she sticks, in which cases 
recourse is had to jacks, towlines, vibration by running on deck. 
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TABLE 1 RECORDS OF INDIVIDUAL RIVETERS DURING CONSTRUC- ete. If all means fail, it is necessary to jack her up and start 
TION OF DESTROYER WARD over again. 
7 Installation of Machinery. The installation of machinery a! d 
No. of Size of miscellaneous fittings is usually begun before launching, and com 
nee saa 9 om pleted after the vessel has been launched, but in the ease of the 
: Ward this work was performed overboard, her boilers, gears, 
May 18 main turbines and auxiliary machinery al] being placed on board 
Towers 1062 5/8-3/4 , at the fitting-out pier. The controlling feature in the completion 
8 oa - of a destroyer nowadays is the expedition with which the copper 
May 19 smith performs his work. The country was seoured for skilled 
Blount 1165 5 /8-1/2 . men in this trade, but the demands were never met, either as 
Towers ure 5/81/32 : regarded the Navy or the Shipping Board 
Ee ¥ R ; 
May 2% . Trials. Wock trials are held as soon as the machinery stalla 
Tow 124 s 
I lf M : a 
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L. A. Towers . a3 st on is complete, and if everything functions satisfactorily, t 
oe ars Se vessel proceeds on a “ builder's trial n order te r er 
machinery and insure that everything w operate smo y oO 
he official trials before the Naval Trial Board, composed of off 
cers experienced in naval construction, engineering and ordnanes 
These trials are very severe and consist of CONTINUOUS runs, ol 
several hours’ duration each, at various speeds up to the max 
mum. At least one vessel from each e¢lass is carefully “ standard 
ized,” that is, the vessel is run over a measured-mile course bot! 
with and against the tide at varying speeds up to t axin 
' both the revolutions per minute and the horsepower required 
being carefully observed during each rw From these results 
curves are plotted, which give a ready means of ascertaining the 
horsepower or revolutions required for any given speed 
All of the above trials are held at the vessel's normal displace 
ment, which was specified in the contract. Additional tests car 
ried out during the trials are on the steering gear, anchor gear, 
and gun firing (to test foundations). A thorough report, en 
bodying the observations of the Board on the design, constructior 
and performance of the vessel, is submitted to the Deparment 





and any weaknesses or alterations are corrected in the boat under 
trial, also in future boats. By this system a continual improve 
ment in design and construction has resulted. 

(Commissioning. Navy vard built destrovers are placed in con 
mission before the trial runs are held, these being eonducted by 
Navy personnel. The Ward was placed in commission on July 
28, 1918, 74 days after the laying of the keel. Her machinery 
installation was not complete on this date, but she was commis 
sioned so that stores could be placed on board, the ship's organi 
zation perfected, and the vessel in all respects made ready for 
departure the moment her machinery installation was completed, 
which was on September 1, 1918, as per schedule.’ 

(Continued on page 781) 

The fact that serious difficulties developed with certain auxiliaries su] 
plied by private contractors in no way detracts from the merit of the 
performance represented by the completion of this vessel, ready for sea 
in 104 working days, especially when the intricacy of her design and the 
enormous power she carries are considered Our earliest torpedo vessels 


a . smaller, simpler and of relatively low powers, took from two to four years 
Fic. 8 Tue Ward—Tentu Day to complete 























Pulverized Coal as a Fuel tor Boilers 


\ General Study of Its Characteristics and the Operating Conditions Met With in Its Commercial 
Applications; also a Discussion of the Nature of Fiame, Types of Burners and of 


a Design of a Pu: verized-Fuel Furnace for a 500-HHp. Boiler 


By EDWARD R. WELLES 


EFORE entering into details concerning pulverized coal, 
it is not out of place to emphasize that in the process of 
burning fuels certain very definite operations take place 

which depend strietly on the physical and chemical properties o! 

the fuels. The reactions occurring, the quantity, quality, density 

and the temperature of the gases that result during combustion, 
and their effects, as well as the practical rate of burning to 
secure perfect or nearly perfect combustion, have all been defined 

Unfortunately, 

however, because of the cheapness of all fuels, these matters have 


and clearly enough so for practical application. 


not received the attention their importance deserves. We ar 
more interested in the ealorifie value of fuels per unit weight, 
that is, 
we consider a pound of fuel as the container of a given number 


regardless of whether they are solid, liquid, or gaseous; 


of British thermal units and on that basis are prone to use one 
form of fuel or another in any service and to expect equal 


results. 


Our conception of the thermal form of energy is still that of 
an imponderable fluid instead of a condition of matter. The 
common coneeption is that radiation does more heating than 
convection and conduction, whereas in reality the opposite is the 
We speak freely of heat transfer from one body to another 
instead of its propagation, and almost without regard to the 
relative value of specific temperatures, conduction, 
and radiation. We overlook the fact that the available heating 
eapacity of a fuel is the surplus left from that developed in its 
conversion to the ultimate gaseous oxides, and that we can use 
only a portion thereof, depending not on the temperature that 
develops during combustion, but on the nature of the work to be 
done and the temperature at which that work can best be done. 
The energy consumed by combustible materials in the transition 
from the gaseous, the liquid and solid forms into the ultimate 
gases is different for the same quantity of combustible constitu- 
ents. Each ease involves a different time element, which is com- 
paratively short with gases, longer with liquids and longest with 
solids. The presence of elements other than carbon and hydrogen, 
and their more or less complex formation, increase the endo- 
thermal losses, and affect directly the temperatures that develop. 
In consequence, not only is the heating value of each kind and 
form of fuel different from that expected from preliminary 
analysis, but the effects of the resulting properties are different. 
In burning lump coal, on account of the slow rate of combustion 
sufficient time is allowed to compensate for its variable structure 
and impurities. Liquid and gaseous fuels, on account of their 
uniform structure, give constant deflagration regardless of the 
rate of burning, and the effeets of the actions that take place in 


case, 


convection 


burning are of less consequence. 

With pulverized coal, on account of its rapid combustion, the 
effects due to the structure and amount and nature of the impuri- 
ties are conspicuously manifested by the varying high tempera- 
tures and the unsteadiness of deflagration. The necessity of 
earefully considering the actions that take place in the combus- 
tion of powdered coal to adequately provide for their efficient 
utilization is thus made apparent. When dealing with the ecom- 
bustion of fuels and with heating we are confronted with prob- 
lems concerning the molecular structure of materials in all their 
possible forms, and as such we should treat the matter on a 
different basis than mere B.t.u. considerations. 
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2 Mechanical Division, The J. G 


White Engineering Corporation, 


White Engineering Corporation 


AND W. H. JACOBI?, NEW YORK, N. Y. 


ADVANTAGES AND DISADVANTAGES OF PULVE! 


The merits of pulverized coal as a fuel, bris fly stated, are as 
follows: 

a If ground suffi iently fine the entire combustible content of 
the coal can be burned, thereby effecting fuel 
hitherto not attamable even with the better grades of 
burned under favorable conditions. 


eCCONnOTLES 


eoals 


b It permits the use of all grades of coal, including peat and lig 
nite, with an approximately equal degree of thermal efficiency 
for the same service, and increases very materially the energy 
that can be derived from the world’s supply of coal 

e It possesses very largely the facility of control and eombus 
tibility of oil and gas fuels, thereby placing coal on a parity 
with these fuels. 


The limitations 


f pulverized coal are: 

a The very high temperatures attending its efficient combustion 
(see Table 1) and the unsteady mode of its deflagration, 
necessitating special furnace construction to secure reliable 


service and to realize the affords. 


possible economies if 
preclude its ready application to existing equipment 
b The operating cost and attention required to maintain the 
necessary offset the 
fuel economies that can be effected in small independent 


services 


apparatus for its use may more than 


The presence of ash, which may not always be collected and 
held under contro] 
i The human element, which will not submit to the peculiarities 
of its nature. 


rABLE 1 APPROXIMATE COMBUSTION TEMPERATURES OF CARBON 
AND BITUMINOUS COAL AND THE RESULTING PERCENTAGES 
OF CO 
Percentage of excess air 0 25 50 75 | 100 
Combustion tempe rature, deg. fahr | | 
Carbon | 4000 | 3450 | 3000 | 2625 | 2350 
Average bituminous coal 4860 | 4000 | 3325 | 2860 | 2500 | 22% 





(Or per cent 20.8 16.5 13.8 11.8 10.2 


For flexibility and nicety of operation gaseous fuels rank first, 
being followed respectively by liquid fuels (oils), powdered coal 
and solid (lump) fuels. 
the reverse order. 


On the basis of cost they assume exactly 
Keonomy depends on the nature of the servic« 
and loeal conditions. 


PREPARATION OF PULVERIZED COAI 


The valuable feature of pulverized coal is that by reason of its 
divided state it can be brought en masse into intimate contact 
with the air necessary for its combustion, and in consequence, 
when injected into a suitably heated hearth it burns completely, 
deflagrating almost as readily as atomized oil. 

Obviously the first requisite is to render the fuel into as fine 
particles as is possible, so that when mixed with air the mixturé 
shall assume the form of a homogeneous gas. This analogy is 
comparative only, for no matter how finely broken and thor 
oughly mixed with air the coal particles are, they retain their 
solid structure and are therefore subject to a very arduous pro 
cess of combustion, which is responsible for the attendant hig! 
temperatures that result. 

The standard established in cement-mill practice, generally 
adopted for all purposes, is that 85 per cent of the powder shall 
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experience shows that with reasonable precaution ash from pul- 
verized coal is less troublesome in every way. Slagging of the 
ash and brickwork oceurs only when these are too near the 
deflagration zone, which naturally is several hundred degrees 
higher in the temperature than their fusion points. This difficulty 
is eliminated by designing the combustion hearth so that the side 
walls and top arch attain a temperature lower than the slagging 
point and the bottom is no higher than about 2000 deg. fahr., 
which avoids melting of the low-fusible ash. 

The presence of sulphur is to be looked upon with less concern 
in the ease of pulverized coal, since, as mentioned before, the 
high temperatures attending the combustion of this fuel disso- 
less 


clate water into its elements and hold these in a condition 


lable to combine with sulphur. Pulverized coal containing over 
5 per cent sulphur has been used in boiler settings without giving 
evidenee of corrosion. 

In regard to safety, it may be said that while mine explosions 
attributed to coal dust indicate its combustibility and the testing 
station ef the U. S. Mines in Pittsburgh has 
takingly that dust in he made to 
explode, pulverized coal, nevertheless, is an excellent fire exting- 
to the 


Bureau of pains 


shown coal suspension Cal 


uisher. To ignite it in any form, coal must be brought 


temperature of its ignition, 1000 deg. fahr. and above. This is 


greatly in favor of pulverized coal since it permits its being 


conditioned for better combustion performance by heated air 
before using. 
IMPORTANCE OF PREHEATING COMBUSTION AIR 


Combustion air for pulverized coal has variously been applied 
under different pressures and usually at ordinary temperatures. 
No judgment has vet been passed on the condition of the necessary 
air bearing either on the flame-propagation qualities of powdered 
coal or on the dimensions of the combustion chamber, and in the 
absence of definite experimental data one conjecture is as good as 
another. Although the relatively low deflagrability of the powder 
suggests it, it is only through costly experience that we have 


learned the advantage of low air and velocities for 
combustible mixtures. 
The function of air in connection with burning pulverized 


coal is not only to provide the proper amount of oxygen to hold 


pressures 


and convey the powder or supply a dilution element, but also to 
carry the flame—zone of oxidation—in suspension throughout its 
path; that is, away from the brick walls. The importance of this 
requirement is obvious, in that it eliminates destructive tempera- 
tures and the accumulation of ash and semi-burnt particles on 
the brick burning of the fuel 
particles “in suspension”. 

The value of heated air for mixing and dilution purposes can- 
It prepares the fuel for quicker deflagra- 
tion, thereby permitting a larger quantity of fuel being burned in 
a given space, it maintains the powder in better state of sepa- 
ration, and in general promotes steadier combustion. Further- 
more, in conjunction with a suitably designed furnace it is 
possible to attain a better heat balance by utilizing waste gases 
and radiation for heating the combustion air required for the 
treatment of the powder. 

For mixing purposes the air temperature should not exceed 
that of the coking point of the particular coal used, and for 
dilution the higher the temperature of the air the better. 

Comparative tests on a 250-hp. boiler using combustion air at 
65 deg. fahr. and 750 deg. fahr. with powdered bituminous coal 
showed that, other things being equal, with air at 65 deg. the 
evaporation was 7.7 lb. per lb. of fuel and the temperature of 
escaping gases 528 deg., while with the 750-deg. air the evapora- 
tion was 9.17 lb. per lb fuel and the temperature of the escap- 
ing gases 475 deg. On the basis of the normal boiler rating this 
performance indicated a gain of 15 per cent. with hot air and a 
loss of 12.2 per cent with air at the ordinary temperature.’ 

At the present time air pressures from 0.5 oz. for small 
furnaces to 10 oz. and above for cement kilns are being used 


walls, and secures more pertect 


not be overestimated, 


iJ. H. Travis, Power, vol. 24, pp. 168-196 and 27 
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with success, while pressures of 3 oz. and under for boilers have 
given good results, As mentioned above, pulverized coal should 
be burned in suspension and with excess air on aceount of the 
high temperatures that develop in its combustion (see Table 1). 
The pressure and distribution of the air necessary to secure this 
condition vary with each case and demand careful consideration 
to obtain best results. 

In general, the finer the powder and the warmer the air the 
will be the to inject the combustible 
mixture into the furnace, and the better will the powder be held 


lower pressure necessary 


In SUSPeNsIOnN | also, other things being equal, the larger the 


amount of tuel that can be burned in a © This implies 


ven space. 


lower turnace 


COMPA SON OF STOKER PULVE! hy }? NTS 


AND 


Economy in connection with fuels is a term which must be 


used with eaution and depends upon the purpose for which f els 


are emploved If pvrometrie effects are sought, as in metallurg 


ical fur the conditions and rate ot burning fuel are suel 


aces, 


that thermal efficiency is out of the question and economy car 


only be expressed directly in dollars, regardless of the kind of 
fuel used 


and its pertormanece It calorifie or str 1 itt 


effects are desired, as in steam generation, thermal efficienev play 


he all-important part, and in this connection two factors are t 


e considered; one involving the furnace performance and 
combustion losses, and the other the means provi led to absorh 
the thermal charge in the products of combustion These tw 
conditions go hand in hand, and maximum economy is theret'or 
a tunction ot the two 

With pulverized coal the furnace and combustion losses car 


vreatly decreased as compared with those incurred in burning lump 


coal over grates, by reason of its manner of burning. and it 


to that | 


condition alone that verv acceptable fuel 


CCONOIICS ¢ 


show i! 


be effeeted by its ise. Instances are recorded 
boiler setting | 
12.090-B.t.u. « 


Invariably records of tests made in stean 


10,500-B.t.u. coal fired as powder In a given 


evaporated a larger amount of water than 


fired by hand. plant 
of various capacities using pulverized coal as fuel indicate boils 
thermal efficiencies of 75 to 80 per cent and over, which parall 


the best ef] 


1 


iciencies obtainable with modern stokers in large 
The that 
methods of firing pulverized coal the high efficiencies observe: 
both in the 
throughout 


stallations. consensus of opinion is with the better 


hearth and in the boiler remain fairly constar 


a wide range of quantities of fuel burned, where 
with stokers, which permit only a mgid design of combustio: 
hearth, beginning with the hicher efficiencies ia large boiler 
installations bee 
stoker 


to advantage and a 


stallations the efficiencies drop as the 


smaller. This is self-evident in part, since in practi 


only the better coals ean be used ceerta 
amount of fuel loss cannot be prevented, whereas by pulverizi: 
the same ser\ 


And SIT 


necessa! 


all grades of commercial coals are admitted te 
with equal merits and fuel losses may be avoided. 
therefore the 


measure of the actual amount of 


deflagration, and combustion space 


becomes a combustible press 
in the coal, the hearth losses remain practically constant for 
conditions encountered in actual service. 

The conelusion to be derived is that, other things being equ 
the competition between the use of pulverized-coal firing a: 
stokers for large boiler plants will be a matter of flexibility 
service, convenience in operating, and maintenance cost; w! 
in small plants fuel economy will be the deciding feature alo: 
with the other advantages, and pulverized coal will obtain t! 
preference, not only on the basis of combined first and operat: 
costs, but especially so after the greater convenience and flexib 
ity of service resulting from its use have been sufficiently demo: 
strated. 

Conelusive figures on the operating and maintenance costs 0! 
pulverizing equipment have not yet been obtained from actua! 
practice, since no specifie standards have been established. Wit 


1G. F. Gashe, Railroad Gazette, vol. 34. 
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MECHANICAL 
self-contained pulverizing units, however, it is thought that, total- 
izing all the items of expense, the operating costs of an equiv- 
alent stoker equipment are approximately the same. 

Considered as a gas, pulverized coal when mixed with 100 per 
cent of combustion air produces a fuel mixture having a calo- 
rifie value of from 90 to 120 B.t.u. per eu. ft. Fig. 1 gives the 
relative costs of fuels on the basis of their calorific values. 

Where it is desired to determine the maximum price which 
could be paid for a low-grade coal for pulverizing to place it on 
1 basis comparable with higher-grade fuel for stoker firing, the 
formula 
p P, HE, 

H,E, 

iv be used, in wluch P,, P, price per ton, delivered, dollars; 
H, H 3.tu. lb. of E,, E, boiler effi 
ceney; and the subseripts 1 and 2 refer respectively to low-grade 
and high-grade fuels. 


‘ 


per coal ; combined 


The price P.. however, does not include 
eost of pulverizing. 


BURNERS 


Under the name of “ burners” the devices that have been used 
mix the necessary air and coal powder and feed the mixture 

e hearth are numerous. Their merits are relative at best and 
each has its limitations, their only function being to convey, mix 
oughly and deliver the fuel charge to the hearth in the required 


ntity. Much ingenuity has been exhibited in the development 

these devices, but little attention has been paid to what 1s 

essential, namely, the correct design of the furnace for 
¢ the combustible mixture. 

Fig. 2 illustrates diagramatically the schemes generally en 
ploved in the devices now used. Scheme 1 shows a device whi 
ds entirely on the induced chimney draft for the air supply 
Naturally its eapacity is Immited by the chimney draft and its 
r ation 1s restricted to a small margin. This method w 

table for service in which steadiness is a minor consider 
Scheme 2 shows a combination of natural and forced 
‘ permits wider application than Scheme 1; its 1 

features are better, but it 1s still subject to the thuctuations 


Scheme 3 shows 
the 


its 


draft. 
ot 


atural an arrangement w 


ll control fuel and the air, and in econsequer 


flexibility in operations, being less affected bv ex 





ariables. It lends itself admirably to the applieati 
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Heated air for combustion through the secondary blower f, a 
method which should be adopted exclusively for burning pulver 
zed coal. It also makes it possible to automatically control the 
fire 1 


response to varying load conditions, something particularly 
desirable in steam generation. Schemes 4 and 5 illustrate ar- 
rangements in which self-contained pulverizing units are em- 
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ployed, simultaneously preparing and feeding the fuel to the 
hearth. These machines are usually provided with a fan for the 
double purpose of separating the powder in the process of 
grinding, and mixing and supplying part or all of the combustion 
air. Schemes 3 and 5 possess the same merits as to flexibility, 
regulation and usefulness and 


possible. 


should be adopted wherever 


EQUIPMENT FOR PREPARING PULVERIZED Coat 


Two distinct methods are in use to prepare pulverized coal. 
One of these involves a plant in which the fuel is treated inde- 
pendently of the rate of its consumption and comprises, begin- 
ning with the coal bunker and in the order of the operations: 
crushers, crushed-coal hoppers, driers, magnetie separators, pul 
verizers, pow dered-coal storage hoppers, distributing conveyor 
feeding individual hoppers at each furnace which are fitted with 
feeding devices, and a blower or separate blowers operating in 
conjunction with the feeding devices to mix and feed the fuel 
to the furnaces. This various equipment is intereonnected with 
suitable elevating or conveying means to conveniently carry out 
the evele of operations and permit of multiple arrangements to 


suit local conditions. The advantages of pulverizing plants are: 
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Fig. 2. PuLverizep-CoaL Freeping DEVICES 
1, Screw conveyor for pulverized coal: @a, Screw conveyor for crushed 
oal; b, Hopper; c, Feeding device; ec, Self-contained pulverizing, mixing 
ind feeding machine; d, Induced-draft combustion air; dd, Primary mix 
ing air blower; e, Primary mixing chamber; f, Secondary air blower 
g, Secondary mixing chamber; h, Hearth: j, Nozzle. The delivery outlet 
or outlets are arranged and shaped to suit the bearth, which in turn de 


pends on the nature of the service 


a Unitormity in the quality of the powder 


b Ample fuel supply to provide for varying loads and starting 
without taxing the normal operation of the equipment 
e Suitability for large installations where uniform service and 


a central point of distribution are necessary. 
The disadvantages are: 
a High first and operating costs 
b Large floor space required 
e Multiplieity of equipment and parts. 

The other method employs self-contained pulverizing units, 
conveniently located near the point of fuel consumption, which 
prepare the powder required. with the 
bunker, the equipment comprises: crushers, magnetic separators, 
erushed-coal storage hoppers, distributing conveyor feeding in- 
dividual hoppers at the pulverizers, pulverizers, blower for com- 
bustion air, and feeding devices leading to the furnaces. In the 
event of a single pulverizer feeding finished fuel to various fur- 
naces the conveyor is eliminated, the distribution being accom 
plished by air as a part of the feeding devices for the furnace. 


as Beginning coal 
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wdvantages of this arrangement are: 
a Simpheity of equipment and therefore low first and operating 
costs 

Individual control of each furnace 

Adaptability to existing plants 


Good regulation 


i without altering the quality of the powder 
The disadvantages are: , 
« Necessity of carrying spare units, on account of severe wear 
and tear when in continuous service 
Absence of storage of powder tor starting. 


storage 


As a general proposition, if conditions permit ample 
al d suifable handling facilities to air-dry and mix the raw coal 


thoroughly, the self-contained equipment offers greater possibil 


ities both in flexibility of service and arrangement and economy 


If FLAMES 


The flame resulting from the deflagration of coal 


differs from that of other fuels in the larger 


pulverized 
combustion space 
required on account of its low combustibility, and the higher 
temperature due to the rapid breaking up of the solid strueture 
of the coal particles. 

In general, the the 
the rate of ovidation, the smaller the space required 


combustion and the lower the average temperature that develops. 


more inflammable material or the lower 


for 1 
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Fic. 3 APPROXIMATE SHAPES OF FLAT AND CYLINDRICAL FLAMES 
OF THE SAME CAPACITY AND UNDER SIMILAR CONDITIONS 


a, Zone of initial oxidation; b, Zone of complete oxidation. Note the 
length of zone a in the cylindrical flame. Coking of powder has been ob 
served to take place within this zone through baking 


This eondition is shown by the performance of explosives and 
the slow burning of gas, oxidation of iron, ete. 
temperature of combustion of gases in ordinary air is from 1500 
to 2000 deg. fahr., and, for a given amount of fuel consumed, 
the combustion takes place in a smaller space than that required 
for atomized oils, which begin to burn steadily at about 2000 
that the of 
coal requires a still larger space and that the average temperatures 
developed by its combustion are much higher—2500 deg. 


The average 


deg. Experience shows deflagration pulverized 
and 
above. 

Fuels are rendered more inflammable as they are brought to 
or carried beyond their ignition temperature and are more thor- 
oughly mixed with the necessary oxygen. 


‘Flame is usually defined as the luminous or visible portion of the zone 


of deflagration. While this is the ordinary conception, in the present case 


by “ flame’ is meant the zone of oxidation, that is, the space within which 
the oxidation of the combustible elements is completed, which is much 
larger than the luminous zone, especially in the case of blast flames, such 


as obtain with oil; gas and pulverized coal. 


Tun Journat 
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VEMPERAT MBEASURE O RELATIVE Mone \c 

Temperature, like voltage and pressure, is a difference of po 
tential and, with reference to burning fuels and heating, is a 
measure of the relative molecular activity of the materials in 
volved, which ean be expressed quantitatively terms of MI 
lteference to this phase of the dynamic theory of the formatio 
of matter is made here merely to indicate the fundamental rela 
tionship between temperature, mass and the performance of thi 
component material particles; so that for a given ma 

asul temperature) o ermal ene 
t the molecular acti tv. 

The truth o Ss is evidenced in part by the act i 
specific heat of a substance inerease Wi e tempe I 
though not in proportion thereto, and in a manner which confir 
the law just stated. A long metal bar eated at one end up 
melting point is another example showi similar temperat 
conditions at equal distances apart toward the cold end. 

As vet no detinite methods have been tound to measure tl] 
energy in terms ot WI", and for the time bei the practi 
value of the conception of that law les in the aid it lends 
following the actions that take place during combustion and hea 
ing to determine with some precision truer ermal condition 
and effects that may result 

Assuming then that temperature is a function of the squat 
of the aetivity of the particles of matter, it is easily eonceivab 
that the greater the molecular or atomie dis nee ca 
the combination of oxygen and the combustible elements, t 
higher will be the temperature of combustion, and that tl 
temperature, though not directly proportional to, will var 
as some tunction of the square ot the rate of combinatior 
If we then assign a constant value to the unit inerement des 
nated to measure temperature, as our present dewroes, thy eal 
of any given mass will vary as some function of the square 1 
ot the applied temperature the temperature difference betwe 
the heating medium and the mass to be heated), and inversely a 
the mass. That is, the heating is not directly proportional 
the temperature applied as is ordinarily understood. This 
Is conspicuously verified in metallurgical work where a w 
range of temperatures obtains. 

The initluence of mass, however, is not a constant one, su 


the nature of its structure varies in all 


dition must be looked to for the inconsistent results ordinari 
observed in all heating operations. But a practical soluti 
of the difficulty is not out of reach, for it may be stated t! 
Within the range of temperatures employed in industrial apy 


cations, manifestations akin to resistanee, inductance and capaci 
appear in the heating, and that 
possible to develop and introduce a term of the order 


¢ 


process ot lt IS 


consequent 


oe” pow 
factor’ to designate more precisely the amount of useful then 
from any one reaction, thereby eliminating 


energy preval 


empirical considerations. This method of dealing with the s 
ject of burning fuels and heating in general, however, in 
of definitions and 
data to quantitatively confirm the law, naturelly calls for a n 
technical treatment. For the hand, however, 1 
necessary to adhere to existing methods and units, except 


absence conventional sufticient experimet 


purpose in 
we have at our command a more comprehensive conceptior 


the actions that take place, which is material aid in arr 


a 


at practical results. 


Coats SHOULD Be Renverep EQUALLY DEFLAGRABL! 


Profiting by the foregoing considerations and recognizing 
the structure of coal chemically and physieally is a variabl 
the all-important requisite for pulverized coal is that its na 
shall be rendered as uniform as possible with reference 
given standard, so that for any given furnace the tempera 
and operating conditions at the hearth shall be maintain 
constant as possible with the various kinds of commercial 
and afford approximately the same regulating qualities. 

Assuming a continuous production of powder of uni! 


fineness and impurities, the inherent weakness of eoal for bu 


materials and this cor 
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A ; i perimental data are available, it is necessary to consider ever) 
ht . f tit ud element entering—from the nature of the coal to the performance 
LS e3 & Mr t the boiler—and to disregard all precedent existing in the 
Q r murnit g of lump coal in order to secure satisfactory results with 
. Q rl } 3 a the powdered fuel. 
\@ ania 
t II1l FURNACES 
Although in general furnaces are more or less special stru 
~ te selene Shamed aldercenig tly mancnonye _ ts = _— and their charact r is determined by the service they per 
engl orm, their design and type of construction depend chief! 
the nature of the fuels used in their operation 
n begins. and has the effect of eoking and solidatine The combustion of a fuel results in gases charged wit! 
particles, which drop to the bottom of the heart n the torm available useful heat developed during their formatior , ANG Asi 
relatively large globules, thereby causing faulty combustor n the ease of fuels containing solid impurities. The quantity 
oss ot fuel. Coking of the combustible charge is very ‘3 ange and their temperature depend on the quality be . 
eptible in connection with discharge outlets of large diam el and the amount Of alr Wed r combustion and dilution 
such as are used in cement kilns. ‘The action in this Benger: which can be varied to practien: —— 
has heen attnmbuted to more rapid combustion or the ‘ _ Scam boiler settings e duty of both bouer and tur 
we of the eombustible jet. which has the effect of baking , calorilic one, that is, one of stra eating, al die 
| re within (see Fig 3). This difficulty has been overcome by the amount of water evaporated the boiler by : : 
{ sing outlets in the form ot a slot of the required Cross-Sec on gases Irom one po ind of fuel. 
, thereby exposing more surface to the hot é n the the amou —— = apee. 
boiler by a given quantity of fuel depends on the quality 
steam desired and the abilitv of the boiler to absorb the heat 
VOLUME OF FLAME OR ZONE OF OXIDATION charge of the gases supplied by the furnace necessary for the 
generation of the steam required So that, briefly stated, tf 
he volume of the flame, that is, the zone of oxidation, in hoiler is subordinate to the steam requirements and the furnas 
neral, cannot be predetermined on aceount of the many in (Continued on page 787) 














Fuel Saving in Industrial Plants 


By JOHN F. TINSLEY,’ WORCESTER, MASS. 


Although war-time necessity of saving fuel has happily passed, the 
conservation of fuel is still as important as ever. During the war the 
industries of New England benefited in many ways through the sug- 
gestions and assistance of Fuel Conservatior Committees, and although 
these are now of the past, their work is still having its effect. Their 
methods and the recommendations which they made are of value even 
today and this paper which outlines the campaign of the W orcester 
Fuel Conservation Committee contains a brief account of the manner 
in which that committee dealt with the problem. 


FTER the very strenuous winter of 1917, with its dis- 

tressing “ heatless” days and other comfortless evidences 

significant of a fuel shortage in New England, Massachu- 
setts awakened to a fuller appreciation of the importance of con- 
serving fuel, if her industries were to do the part expected of 
them in the winning of the war. Under the excellent guidance of 
the state and local fuel administrations, steps were taken in the 
early spring of 1918 to point out to the industrial fuel users of 
Worcester the critical situation that was likely to exist the follow- 
ing winter, and to create an organization that would carry out the 
work successtully and effectively. 

The two things necessary to the accomplishment of any big 
work—incentive and organization—were quickly apparent, the 
former through the daily news columns of those dark days when 
the last great German drive was on, and the latter through the 
splendid response that has been so characteristic of the people of 
Worcester in every phase of war activity. At the time of the 
signing of the armistice, in November, the fuel-saving campaign 
had been successfully under way for several months with gratify- 
ing results and with every indication of an accomplishment in the 
saving of fuel that would exceed our expectations. But within a 
short time after that event the committee ceased its official fune- 
tions, and this paper therefore deals with the work done in a 
comparatively few months prior to the close of the war. 

The work of organizing Worcester’s fuel-saving campaign was 
started in May 1918 with the appointment by the local fuel com- 
mittee of a Factory Fuel Conservation Committee, consisting of 
three men selected from the management of three of Worcester’s 
industries. This committee soon realized there were two distinct 
steps vital to success: First, that the managing heads of the 
various plants should be aroused to a full appreciation of the 
critical situation likely to exist in connection with the fuel supply; 
and second, that the foremen and workmen throughout the fae- 
tories should be brought to feel that, after all, the real suecess 
or failure in meeting the problem rested in large measure with 
them. 

The first part of the committee’s program was easily and 
quickly accomplished. In a series of meetings the plant mana- 
gers generously pledged their support and cooperation, and by so 
doing enabled us to vigorously take up the second step with the 
employees in the various plants. This task, however, was a 
large one, since it involved not only arousing the interest of up- 
ward of 75,000 men in about 260 plants, but also required for 
effective results that this interest be maintained. ; 

To this end the Factory Fuel Conservation Committee ap- 
pointed a sub-committee to assist in the work. This sub-com- 
mittee was composed of practical engineers who could carry the 
message right to the workmen themselves. It was made up of 
eleven men chosen from the leading industries of Woreester, and 
the results accomplished through their fine work proved clearly 
the wisdom of their selection. Several of these men were tech- 
nically trained, and all were practical. They were all engaged 
at the time of their appointment in active engineering work in the 
various concerns with which they were connected. These men 
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‘Chairman, Worcester Fuel Conservation Committee. 


were selected because the fuel problem has been for some time 
past a greater one with the larger plants than with the smaller 
ones, and many steps had already been taken by the larger con- 
cerns to save fuel. Consequently, through these engmeers we 
wanted to pass along the full advantage of such experience to 
others. 

The next step was to get the various shops organized. The 
State Fuel Administrator had requested that each factory appoint 
a Factory Fuel Committee, and the managers of the various in- 
dustrial plants signed pledge cards agreeing that they would have 
fuel committees promptly appointed in their plants. Thus we 
had in a short time fuel committees appointed by factory man- 
agements to the number of 258 in Worcester. Some of those com- 
mittees contained in the case of the smaller plants one man, but 
in the larger plants several men, who only represented the various 
lines of work in which fuel economies were possible. More than 
a thousand men were thus actively organized in Worcester on 
fuel-saving committees. 

This portion of our organization was very effective, and the 
response on the part of these men whose efforts were exerted 
among thousands of workmen in Worcester was splendid. The 
details of factory organization and personnel thereof were left in 
most cases to factory managements, as we wanted these commit- 
tees to feel that the responsibility was primarily with them. In 
this connection it is interesting to note that those plants that 
accomplished the most specialized in their factory organization 
to the extent of having specific men for specific jobs. 

With an organization thus created that could easily reach the 
men in the shop, we were ready for business. As the problem 
was to save fuel, it was necessary at the outset to see that the 
various factory fuel committees understood the seriousness of the 
fuel situation, that they were organized to do effective work, and 
that in every plant the best opportunities for making economies 
were pointed out and thereafter followed vigorously. To accom 
plish these objects the various factories, to the number of about 
260, were assigned to the Engineers’ Committee for inspection, 
instruction and supervision. Each engineer was given about 25 
plants to look after, assignments being made in groups through 
out the city to facilitate visiting, though in certain cases all th 
plants of the same general manufacturing character were grouped 
together under one engineer. 

In a remarkably short time, due to the splendid enthusiasm ot 
these engineers and the generous codperation of their employers 
in allowing them the time necessary to do this work, all the fa 
tories in the city were visited, the factory comm ttees instructed, 
At the same tim: 
those lines offering the best promise were carefully pointed out 


and an initial inspection made by the engineers. 


to each factory committee, and practical suggestions made to 
meet the needs in each ease. 

There was one feature of our campaign on which we laid special! 
emphasis. There is likely to be an impression in the average 
plant that the place to save fuel is where the fuel is used—in the 
boiler room. In fact, very little organized effort has been made 
in the past to save fuel anywhere else. There are, of course, many 
opportunities for saving fuel by efficient firimg and by goo: 
boiler-room methods, but there is also a large field for fuel econ 
omies beyond the boiler room. The boiler room must meet th: 
demands made upon it, and that demand is created outside. I! 
was therefore apparent that if we were to make a favorable 
showing, the greatest opportunity for so doing was essentially 
outside of the fire room, and the economies in the fire room would 
necessarily have to be limited to such matters as could be effected 
quickly and without radical changes. 

The visits and inspections of the engineers gained from ever) 
plant the best of cooperation from the start. The instances were 
few where any pressure had to be exercised to obtain results. In 
connection with the work certain reeords and statisties were, of 
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course, We established for every plant monthly re- 
ports of fuel used, as compared with corresponding months of 
sufficient 
schedules to permit of comparisons being made. 


hecessary. 


previous years, and also statistics as to operating 


Inspection reports covering specifically all recommendations 
On the second and succeeding visits a report was 
put 


These reports were lor two 


were also made . 


rendered as to previous recommendations into toree, and 


additional suggestions offered. pur- 
poses: first, to give the State and local fuel committees reliable 
information (the fuel authorities took the position that in case 
of a critical shortage of fuel it was probable that the allotment 
of fuel to any plant would depend on the degree of cooperation 
fuel 


committees that they were being rated on actual performances and 


that was extended by it); and second, to show the factory 


compared with other plants. 


Some idea of the value of these visits may be obtained from 
the records ot recommendations made by the engineers As a 
result of a single visit to 117 of the larger plants, 547 recom 
mendations were made, or an average of about five per plant Ol 


these about 85 per cent were carried out before the second and 
rd it spections, a response speaking most eloquently 
spirit of cooperation with which our efforts were met 
\ few typical recommendations follow: 
1 Many unnecessary lights are kept burning 
the cau by turning off unnecessary lights 
2 F belts are not looked after closely enoug \ esing 
iL ‘and mone having belts both too tight 
Yo i inderloaded The 
i ree ) notors run much underload 
. 2 ting be lined uy I tier ry 
nt y I wer 1 ted a t 
g it - 
You have nco d higl \ 
1Os re high jue this ius 
\ ! ! mac s running id nd v ] 
ta helt } | nd s +} } f 
ng I ra t periods it 
sé 
] Vir | to ' nt 
S Was nd You have an opport 
} ght g daily by so d ig 
’ You ( practice should be improved IN ) £ 
fire ire ently, avoid holes, clean regularly, kee 
out, clean tubes oftener, get better damper reg 
; Indi t* r engine We will help 1 1 tuke tl 
terpret if. 
There were, of course, many others, but all were of 
nse variety, and it is evident that if all the industrial plants u 
col inity worked conecertedly and continuous long these 
n economy tn fuel must of necessity result l'urthermore, 
ervice on the part of the engineers was not merely advice. 
ften the s ipphed from their own companies testing instru 
ts, shaft-lining instruments, engine-indiecating apparatus, et 
assisted in making flue-gas analyses, engine Indications, et 
\side of the work done in connection with the er eers sits 
inspections, the committee also felt that the educational o 


ypaganda side should bs emphasized. Literature that could be 


lerstood by the average workman relative to phases of the 
economy problem was obtained and was distributed to th 
rious lactory committees. To firemen and engineers were issued 


rt pamphlets covering in the simplest terms the fundamentals 


economy as far as the generation and application of power 


re coneerned, while to master mechanics and electricians were 


loss¢ Ss, ete. 


ected bulletins on belt troubles, power-transmissio! 


We found the language most effective was that which dealt 
nh dollars or tons of coal. The codperation of a workman in 


ard to turning off an electrie light was forthcoming much more 
ckly when he learned that, small as it was, in a year’s useless 
ning it consumed several hundred pounds of fuel, and that 
‘0 ft. of l-in. uneovered pipe conveying live steam at 100 lb 
essure wasted upward of $100 worth of fuel per year, with 
il at $7.50 per ton. 
In addition to this service, the Factory Fuel Conservation 
mmittee issued for two months a monthly newspaper or news 
ter which was much appreciated. In this paper were published 
names of all factory-committee chairmen—something which 
‘is apparently liked—and a number of short, pithy, readable 
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paragraphs giving suggestions for fuel saving. Efforts were made 
to cover all phases of the subject and thus interest engineers 
and firemen, master mechanics and lectricians, as we ll as the rank 
and file of the 
this paper was the publishing under the various firms’ names of 
This 
friendly 


workmen themselves. A noteworthy feature of 


the several steps taken by them to save fuel. served an 


admirable purpose in stimulating a spirit of rivalry, 


and also served to disseminate generally a knowledge of fuel- 
saving methods that could profitably be followed by other plants 
than those under which the y happened to be reported In a 
word, our educational or propaganda service was intended to 
vive all industrial fuel users a knowledge of “ what the other 
fellow was doing.” 


Table 1] 
consumption ot 13 ot thie 
1917 and 1918. The 


summer and 


now the results. between 


And 


the average monthly 


gives a 


comparison 
coal leading 
industries in Worcester as between months 
fall. 


lt 
peiling, 


under comparison are those ot the late early 


The plants represented include the wire, grinding-whee 
crankshaft, machine-screw, machine-tool and carpet industries, 
is well as one large public utility 


rABLI AVERAGE MONTH BITUMINOUS COAL SA 

The table indicates a general reductior et consumptic 
in 1918 of over 13 per cent when compared with the same 
months of the previous year. There is an r mteresting point 
about this table. If it were divided into two parts of six plants 
each, representing the larger coal-using plants separate from 
the smaller ones (eliminating plant No. 12 which shows the 
argest relative variation), the saving is 11.9 per cent for the 
group ol large coal users, as against 21.6 per cent for the 
group of smaller users. This is apparently as we should expect 
lhe larger coal users had been studying their fuel consumptior 
previously, while m the smaller plants the matter of fuel naturall 
had not been so prominent a matter of cost with then 

The question will naturally arise in connection with the com 
parison as given in the table as to whether it represents in bot! 
years similar operating capacities. In other words, was the 


1917? This is an 
exceedingly difficult matter to determine, but a fair idea of the 


operating load of the plants may be obtained from the number 
1918 at 


load of these plants as large in 1918 as in 


of employees represented in these concerns in 1917 and 
the time the comparisons The 
included in the two lists report for 1917 at the time the com- 
parison was made approximately 20,200 employees, and in the 
corresponding months of 1918 these same companies reported an 
approximate number of employees of 20,350, that is, an increase 
of approximately three-quarters of one per cent. 
therefore, is fair that 
are reliable. Succeeding months would also have probably shown 


are made. twenty-six 


concerns 


The inferenc 
the figures as given above as to saving 
even more gratifying results, since the figures reported herein 
cover months rather unfavorable for effecting the maximum effort 
in reducing fuel consumption. The movement 
however, in an organized way long enough to show the splendid 
results that come from the codperation of fuel users and from 
an organized effort to save fuel. 


was conducted, 











DISCUSSION ON 


T the Fuel Session of the Spring Meeting of the Society 
two papers were presented on the subject of pulverized 
fuel: namely, Pulverized Coal a Fuel, by N. C. 
Harrison, and Pulverized Coal for Stationary Boilers, by Fred’k 
A. Scheffler and H. G. Barnhurst: 
published in the August issue of MECHANICAL ENGINEERING, to 
gether with extensive extracts from the large volume of diseussion 
which they elicited. A portion of Mr. J. E. Muhlfeld’s diseussion, 
dealing with the performance ot 


as 


Abstracts of these papers were 


pulverized-fuel equipment in 
locomotive and marine service, which it was not possible to print 
last month, is given below, followed by the closures of the authors 
the papers. 


{ 
oT 


Pulverized Fuel in Locomotive and Marine 


Service 
By J. E. MUHLFELD* 


“NV ROM a study made of the coal measures in the southern part 
ot Brazil during 1904-06, it was concluded that the native coal 
was unsuitable 


for Later, during 1915-16, at the 


direction of Dr. Miguel Arrojado Lisboa, then Director ot Gov 


economic use. 
ernment-Operated Railways, an investigation was made of the 
use of pulverized tuel in the United States, with the result that 
the Central Railway of Brazil install 15-ton-per 
hour capacity fuel-preparing and coaling plant and a stationary 
boiler equipment 


decided to a 
at Barra do Pirahy, an enginehouse and shop 
terminal about 65 miles north of Rio. Plans and specifications 
were prepared and installation was made of the 
the Fuel Corporation 


Arrangements were also made for the 


a Lopuleo " 


ol 


system by International Pulverized 
New York. equipping ot 
250 existing and new locomotives with the same system and by 
the same company, and since that time twelve ten-wheel-type and 
two Consolidation-type locomotives have been newly built and so 
equipped, by the American Locomotive Company, and put into 
regular use on the Central Railway of Brazil. 

The first official run with Brazilian native coal, pulverized, was 
made on September 9, 1917, with a special train that transported 
Dr. Wenceslao Braz, President of the Republic of Brazil, and his 
staff. Ten-wheel-type locomotive No. 282 handled the President’s 
special train from Barra do Pirahy to Cruzeiro, a distance of 
about 90 miles, and during the greater part of the trip President 
Braz remained in the locomotive cab and fired the locomotive, on 
which the steam pressure was fully maintained throughout, with- 
out any smoke. 

As the result this performance, President Braz 
telegram to the Minister of Public Works, as follows: 


ot sent a 


From Barra do Pirahy to Vargem Alegre, I traveled on ten-wheel 
locomotive No. 282, fitted for the use of pulverized fuel, with excel- 
lent results. The trip was made with a velocity of 63 kilometers per 
hour, having a train of 210 units behind it. I take great pleasure to 
give you this communication which I am certain will be received by 
all Brazilians interested as solution of one of your most important 
national problems. Salutation. 


WENCESLAO BRAz. 
Barra Mensa, September 9, 1917. 


The Central Railway of Brazil locomotives equipped with 
pulverized-fuel-burning equipment are operating in fast-pas- 
senger, mixed-passenger and freight, and freight service, and all 
are giving excellent results. 

In tests recently conducted with Brazilian native coal and lig- 
nite the distance traveled during trials was 118 miles and the 
boiler pressure remained almost constantly 
working pressure. 


at 175 lb., which is 
The results of these tests may be stated as 
follows: 


Supplementing Mr. Muhifeld’s discussion of the Spring Meeting papera 
on pulverized coal, published in MECHANICAL ENGINEERING for August, 


p. 658 
* Vice-President, Railway and Industrial Engineers, New York. Mem. 
Am. Soc. M. E. 
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AT THE SPRING 


PERCENTAGI 


MEETING 


ANALYSES OF FUELS USED 


Fixed B.t.u 
Name Kind Moisture | Volatile Carbon Ash per Ib 
| 
Jacuhy Bituminous 6.10 10 15.70 9 80 0.82 
Santa Catharina.| Bituminous 12.60 |} 16.00 12 10 9 00 9 
S. Jeronvmo Bitumir ; OO 21 00 99 30 O56 
Cacapava I 9 00 156.00 9 20 ~ 19 
PERFORMANCE DATA 
Fu Quantity Ev ipor \ 
SS B.t burned tion, li 
per lt per trip, water pr 
Name Kir net tons It fix 
Jacuhy B S51 ) 
Santa Catharina 3 ! ) QG , 
S. Jeronymo situmi s 9,565 419 ri ‘ 
Cacapava Lignite 49 1.41 7 


The only difficulty met with has been in instructing the engu 
who were not 
tor 


issued to each man 


men, acquainted with this method of combustion, 


and this purpose an illustrated instruction book has bee 


Only by adopting this pulverized-tuel system has the problem 


of the utilization of Brazihan fuel, which cannot be burned 
practically or economically on grates or in retorts, 01 itilized 
to good advantage tor the production ot producer gas, been 
solved, and the developm« nt of the native coal fields of the eountry 
is now in process through the establishment of steamship and 
railway means of transportation from the mines, and in the actual 
mining developments. 

In the United States the development work in connection wit! 


the use of pulverized anthracite and bituminous coals and lignite 
for steam locomotives has been carried out by making applica 
tion to single locomotives of different types which were distributed 
on five different railroads of the country in order to determin: 
upon a composite and interchangeable pulverized-tuel feeding. 
burning and furnace equipment that would be adaptable to any 
kind or size of steam locomotive, as well as to all possible tuels 
or combination of fuels locally available, and which at the same 
time would permit of the quick conversion from pulverized fuel 
to fuel oil, and vice versa. 

When it is taken into consideration how many modifications of 


firebox, grate, ashpan, brick arch, smokebox draft appliances, ex ° 
haust nozzle and stack designs and equipments are required to 
adapt steam locomotives to the various anthracite and _ soft 
bituminous coals and lignites as used for fuel, even on a single 
railway, it can readily be imagined what the development of a ‘ 





single pulverized-fuel-firing mechanism and furnace arrangeme! 
for the entire United States has involved, particularly to make it 
For 
example, the time required for the development end the practica 
use of fuel oil and of a satisfactory superheater is comparabl 

During the past year the financial, labor and material cond) 
tions on steam railways, brought about by the war, have prevente: 


adaptable to existing as well as new designs of locomotives. 


any appropriations being made for the equipping of operating 
terminals and divisions in the United States for the extended us 
of pulverized fuel, but the result of what has obtained may b 
summed up in the following data applying to The Delaware a 
Hudson Company and the Atchison, Topeka & Santa Fe Railway 
On The Delaware and Hudson Company a newly built Cor 
solidation type of freight locomotive, No. 1200, with a tract 
power of from 61,400 to 64,000 lb., was equipped for experiment: 
purposes, from March 1916 to August 1917, and operated 
road freight service between Carbondale and Plymouth, Pa., ar 


Oneonta, N. Y., on runs of from 37 to 94 miles one way. Pulver 


are 


Shame 44, 
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ized fuel was supplied from The Hudson Coal Company’ 


stationary-boiler experimental pulverizing plant at Olyphant, | 


Pa. 
Fr 








his locomotive was designed for a working steam pressure of 
195 |lb., but the boiler was designed to earrv 215 Ib pres ‘ 
sure. With 195 |b. working pressure the eylinder horsepower M 
rating 1s 2368 and the boiler horsepower rating 2540, \ 
107.2 per cent boiler. 
Pulverized-fuel tests were made with the follow 
ments 
I ; \fter the ¢ worl pe he ( e engu 
. ; ter! nal. hie ocon ‘ ! ect ‘ ( 
‘ y re, track o1 ishp dela or w ) requit 
| x 63.008 Qn the Atehisor lope & S | hy 
64 OO Mikado type ot freight eo e, No. 311] hoa ti 
00,201 power of 09.6000 Ib... was equ med or expe? il 7 rp 
trom Mav 1917 to Ju IN1S, and operated in road fre 
vtween Fort Madison, low nd Mareeline. M , , 
he raw coa ! Ip pried Tor these te 1”.7 miles one way Pulverizes vi ! ! 
OHOWS pany's experimenta pulver ne ! “ut these yx 
Dvnamometer-ear tests were 1 hh othe 
esults, using Frontenac, Kar t ( 
eraging In analysis when pulverize follow 
Moisture, per cent 1a 
Volatile, per ent 32.0% 
Ash, per cent 1.71 
60K Sulphur, | f) 
B.t.u. per » (yer 
Per cent through 100 Trae 
Per cent through 200 = 
} (it 
el ! ‘ cl ¢ trom 1o _' Lepuleo pulverizec l¢ ‘ 
\ etor - 
Vicides i Ve! roller Thor powel! } 
combined ! ‘ i tube } ’ i} 
) imometer-car te condueted to ! é 
LCL \ 0 Cay rade ! 1 I 
’ 66 
i } } y 
; * \ " I 1s 
, At sta } , f : " ay 
” ‘ ‘iv 1 | \ . 
> T" ‘ | Average unt “ees . , 
Average al pe g ‘ at 
Juring these tests a tuel mixture of 60 per cent anthracite FUEL PERFO! 
% eve and 40 per cent bituminous slack was used, and the ap poration, it wa g.! 
—_ « ¢ , t i iperheate 
ent evaporation ranged from 7.3 to 9.3 lb. of water per lb. of Rr rg Risin tty -00-ne oer 
consumed. The coal tired per 1000 ton-miles averaged 202 |b ( ned effi we Sow fenkien ae i aidlle wae — 
heavy-tonnage-serviee runs—over ruling grades ot* from 0.72 ficier ‘ 
65 per cent—for a distance of 37 miles the following data 
typical performances 
An actual evaporation (not corrected for the quality eam) 
:; are va showed at the rate of 8.46 Ib. per sq. ft. of boiler heating surface 
om —_ xis wh The combined boiler and superheater efticieney showed a ral 
7 of 23.2 per cent tor pulverize: tuel a compared with hand-nring 
per hour i : Based on the hand-firing performance, the use of pulverized 
wecgiabes oe tuel showed a saving of 22.5 per cent in fuel The combustio: 
ad ted RR 5S ”) l 
d 000 , Re was practically smokeless and the pulverized-fuel operating 
age 9 om mechanism gave no troubk 
ig 1 shows a typical ay pleat on Oot a pulverized fuel-bur? 
ng turnace as adapted to a modern steam-locomotiv: type of 


Carbondale and boiler tor the use of any solid fuel having 15 per cent or higher 


en in heavy mine-run service between 
‘ phant, Pa., for the three months’ period, March 13 to June 12, 
7. the pertormance of the No. 1200 was as follows: 


volatile, o7 tor tuel oil, regardless as to the othe chemica 


characteristies 
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TA 
MARINE SERVICE 


During September 1918 quite a number of tests were made on 
the USS Gem (SP-41) on Long Island Sound to determine what 
results could be obtained from the Navy Department 
specification eoal in pulverized form as compared with oil and 


use of 
other fuels. 

of Normand was 
equipped pulverized-tuel the 
furnace being fitted up with firebrick in a manner that would 


of water-tube boilers 


feeders 


the 
with 


ne two tvpe 


two and burners, 
enable the use of either pulverized coal or fuel oil, or a combina 
tion of both. On account of the boiler not being equipped with 
induced draft the pulverized-fuel induced-air burners were con 
nected to the regular air-blast system instead of being open to the 
atmosphere. 

rhe characteristies of the coal used, after pulverization, wert 


as tollows: 


Moisture, per cent 1.02 
Volatile, per cent. . 18.70 
Fixed carbon, per cent 75.10 
Ash, per cent. D.1S 
Sulphur, per cent O05 
B.t.u. per Ib.. A1ADTS 


Fineness : 


Percentage through «a Z0Q-mesh sereen S36 
Percentage through a 1O00-mesh sereen. 92.0 
On September 18, 1918, a four-hour run was made, from 


8.30 a.m. to which the 


most economical speed for the ship, 1.€., 


12.30 p.m., during the last two hours of 
16 knots per hour, ob 
tained, and which enabled the engines to take the steam as fast 
This speed was maintained for the two-hour period, 


the 


retractory 


as generated. 


and then, as during the entire four-hour test run, furnace 


operation was good—there was no heat effect on the 


and there was either no smoke, or it was very light; there was no 


accumulation of slag or ash on the boiler tubes or settings, and 


had the boiler been equipped with induced draft the efficiency 


results would have been better the 


and light smoke that was 
produced would have been entirely eliminated. 
The log of the test for the last two hours of this four-how 
continuous run was as follows: 
rEST No SEPTEMBER 18 
" S30 au 
I 0.30 a 
Dura I Z 
Average speed, kn 6 apy 
Average boiler } 1 0 
Average superheat, deg I 67 ix. Sf 
Average flue-gas mpera 4 ! + x ‘ 4 
Averag ndi horsep 7 
Average revol per mil Jt 
lotal pulveriz vel fire I 
Coal per i.-hp.-hr., Il ~ 
Total w r evaporated from and at 21 
» Ib. per i.hp.-hr lb vi 
Water aporated per lb. of coal from and Z 
lb f 
soiler effi p n ‘ pprox 
CO>, p Avg. | 
Coal Pocahontas | 
Lopulco s m equipment operat Good 
Lop system furnace operation Good 
Smok« Light 
I KW I ff None 


This same boiler when using fuel oil of about 18,500 B.t.u. 
and when operating at a speed of 14 knots, develops an indicated 
horsepower-hour on 1.68 lb. of such fuel. Therefore, with coal 
of 14,975 B.t.u., in order to give equivalent results it should use 
2.08 lb. per i-hp-hr.; whereas the performance at 16 knots shows 
2.15 lb. per i.hp-hr. 

A comparison of superheat as obtained with straight pulverized 
fuel and with fuel oil, respectively, on various test trips, is given 
in the following table: 


THe JourRNAL 


Pulverized Fue Fuel O 
Average A\ ape 
rrip Averag superheat Trip A verage superheat 
No knots deg. fahr No kr s deg. fahr 
2 ) 4 14 10 } 
li ‘ ib U0 
4 if) ti 24 } s 
\ 
- \ 
~ 
4 | | 
; | 
fr Se , 
—_ A ..4 r 
: ae } paaa an it tal 
—- + ~ > 
Q s a } 7 
: I ) | F 
) J ‘ — ) 
Pig. Lo Typical APPLICATION OF A) PULVERIZED hur BURNING 
FURNACE TO A STreAM-LocoMOoTIVE BoILer 


Closure of Messrs. Scheffler and Barnhurst 


Mr. Marsh prefaces his remarks with a reference to the desira- 
Inhitv of utilizing the by-products from coal lt appears to the 
authors that this is not pertinent to the discussion and that it 
will not require consideration until it becomes common practic 


to remove the by-products trom coal betore tirimg on hand grates 


or stokers The interenee is that pulverized coal cannot be burned 
atter removing the volatile constituents, a supposition which is 
not borne out by the tacts Hlis statements that pulverized coal 
Is restricted to a field comprising torms that cannot be burned on 
stokers is an admission that pulverized fuels inerease the ide 
of combustibility and is net supported by evidences 

In reply to Mr. Marsh’s objections to the tests sub d, it 
should be noted that with pulverized fuels uniform ) era 
tion is obtained and maintaine short time after firing the 
furnaces, and the variation in the figures need not be expected by 
prolonging the tests. In particular in the test made May 18, 
1919, on one of the 600-hp. B. & W. boilers at the plant of the 
Puget Sound Traction, Lig and Power Co. at Seattle. during 
which both the coal and water were weighed, the dura of ‘ 
test being 13°, hours, the efficiency obtained was 78.99 cent 
with coal containing 10,106 B.t.u. per lb. as fired 

In regard to the figures assumed tor stoker effic ency, it Is 
submitted that the best information we have been able to obtain 
shows that an average efficiency of 65 per cent may be expected i 
modern power ho ISes W here power Is nol produced tor sale thi 
figure appears to be too hig Mr. Mar does oft hstant 
his objections to these figures. 

In regard to reliability, it is customary to dupheate a sufficient 


proportion of the pulverizing equipment to obviate irregular 
operation in pulverizing plants. This is taken care of in 1 

figures on investment charges given in the paper and makes uw 
necessary Mr. Marsh's assumption that the investment charg 


quoted are too low. 


pulverized 


In reply to Mr. Marsh’s question as to the latitude ot! 


coal furnaces, it should be stated that a furnace built tor 


volatile bituminous coal will not handle anthracite or coke bree 


Where a considerable variation in the grade of available 


is to be expected, however, the furnace may be designed to bur 
be able 
erade of bituminous fuel with slight changes in the 


anthracite or coke breeze and will then to handle ar 


arrangement 
of the burners. It is a matter of surprise to the authors that th 
tests mentioned by Mr. Marsh show that the fire was unresponsivé 


with low-volatile coals, since it has been their experience that the 


flexibility of all grades of fuels when pulverized exceeds { 
obtained when burned in lump form. The burner for pulverized 
fuel is very simple and has a wide range of adjustments, easily 
meeting any requirements made upon it by a change in the fuel. 
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In regard to adaptability, the effect of ash ir 


1 cod lo carry 
away a small amount of heat as the percentage increass Ihe 
excess ur required to burn fuels of the hichest ash percentage 1s, 
however, negligible. Tt may be stated in regard to th. aried 


efliciencies shown in the tests that pulverized-fuel furnac 


require 
proper design as well as any other type, and that t 








esl hn many 
instances were a part of the experimental deve lopme nt id Varia 
tions were to he expected. 

In regard to the burning of high-ash coal on chain o es, it 
should be stated that the 25.4 per cent ash fuel mentioned by the 
authors was tried out on chain grates and was a failur [he 
stokers were taken out after they had been proved incapable and 
return was made to hand firing 

In regard to flexibility it is readily admitted that ( 
fuel requires large furnaces volumes to burn suecesst'y lt 
should be noted, however. that other types of fuels, in nil, 
are burned more efliciently with large furnace volum. hat 
the be new stoker installations have furnace vo me rere 
as required for pulverized eoal. Th amount of he a 
be de eloped in a furnace with pulverized fu r ol 
by the resisting powers of the r tractories up to tl 
The flex bility of control far exeeeds that obt 
other method of burning solid fuels. Thi Ipper rie 
t matter design and rating 

Under the head of Irnace cdesicy Mi May | s 
against the inclusion of tests of four or e hours’ du "} 
has been answered above. 

Mr. Marsh objects to the figures used for mo @] 
coals It n iv be s ited that our tables were base er 
average motsture conte lor the entire eounty ! I 
firures ‘ for pulverizis cost are e res ! ! 
lormatior ! the he oft nate Phe \ ! 

e] ! isual cor ons 

We) ike ception to Mr. Mar ‘ 

irter 0 ‘ is! ‘ ’ ol the «} (; 

0) ti) Cy he seeor ine hird p 
‘ oO he stacks Very |] ‘ r u 
er cent ash the stacl scharve is not ohio. . 
With } h content micht be nec 
ctors 1 e flue rn « power } ! 
I We! » My Mar I qu ol ! 
aad ail ba crvelne re on 
oO ot nsta i ? eS 1 j 
derab perio 
Mr. Mar eritieize hie ors’ « 
vs by asking o v} i the eapa r 

brag 1 lignite hye It selt-« ‘ u 
ement hat e cost oft drving ar }) ! l 

lations of from 500 to 600 tons daily eapacit s over $] 

r ton 1s at varianee with figures obtained hund: rf 
nts and upor which our estimates are hbase: 
Mr Dimar Ss corres In statine that t] he 

{ lity of low rade fuels that can be user }) el a] I 
re no doubt that if the eoal is too low ( bustible 
of grinding would overcome any advantage obt ( CCO! 
Oot burning thess coals In pulverized orn Suecess in burt 
nthrac te depends upon the form of th furnace As the « 

‘ Olatile, increased temperature must be generated near th 
er, and this IS aceomp!| shed by the vse of some ot the pro 
of combustion from the furnace itself. This m ins designing 
irnace so that there is a returning flame to ignite the ineon 
fuel. With this arrangement t 


very 
les are being obtained, and there 


satistactory operating 
ne is no trouble in starting a 
nace so designed in but a little more 


time than that 
pulverized bituminous coal. 


required 
lr Mr Peabody's discussion ol Mr. Harrison hie 
nels lor hol r pur- 


es, and that the furnace volume required for oil fuel i 
nut 


i's paper 


states 


oil is undoubted], superior to all other f 


S only 
one-quarter of the furnace volume specified in the paper for 
verized coal. 


Mr. Harrison recommends a larger combustion 








stallation is a question of which « 
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chamber than we know is actually required, Dut we have touns 
that where oil is fired in pulverized-coal furnaces much bet er 
ethers ney 1s obtained than is obtained In lurnaces ade rned tor oul 
alone. Larger combustion chambers ire constantly being installed 
under all boilers for the purpose of obtaining better combustion 
conditions. This is due to the fact that the best mixture ot the 
air and carbon or coal cannot be mad | e present metho 
of oil or lump-coal firing 

The slight extra co of tl rver tur f requires re 
than overcome DY the increase ij elficienc ob eal ¢ otner 
methods of hiring It has beer mentioned previously tha on 
hustion chambers recommended fo pulverized coal are ne rger 
than those now be ing used in a reat mat stoke! ta 

Mr. Hirshteld has probably not examined vey ! 
verized-coal hired Turnaces, o7 e would have ft. ind that thers 
ardly any trace OL combustible n the ash i ne rr We 
ao not agree with his statement that a more uw orl ime and 
temperature can be obtained wit} er practice if ne 
smooth bed of Incandescent tue A tuel be " I ineertair 
quantity in the average furnacé [t cannot remain of constant 
thickness or of constant qual lhe conditions of the fuel bed 
are beyond control, and the coal must frequently be re« ributed 
by the fireman Certain pes ot stokers n be watched cor 
stantly and the holes in the fire bed Kept covered w 1e] 

In reply to Mr Hibbard, the ithors ads e that dy ‘4 
of the coal is necessary for the purpose « properly pulverizing 

Ihe Injection ot water or « i nto CDOxX 18 a dead loss 

ind Is resorted to oy mie me dete the 
ethod ol burr ! ‘ ‘ or or tor | “ 


ection wit! rhe subject ol p erize ia ! ! t e the 
quality of the 1 ilerial wit! vii } en ¢ ! ‘ S 
nousane ‘ mes coarse! ! ! 
Mr. Fre kes up the « . 
ts on data oh ned fy) ! ‘ ‘ \\ ire 
tty owever, ever t C1! vhet} he 
por 7] reo? the « } ‘ { 
\ er ¢ rhe el ( ! ! per I rm 
tion WwW: nereased ¢ ) , } ’ , 
cieney obtained fro) } erh nee 
mre fall rhe hinge 
It is evident t} hy nm) } . rn 
the plant and the lower the cost ¢ preparation to show ecor 
f warral ne : 1 h ‘ ‘ ne 
ip steac ily oO! ace ll ( ! or 
nulacturine purposes 
Mr W otherspoon’s rel } : ad oO Dbearny ? tive hieect of 
he appheation of pu eCTIZedl ¢ at ‘ wor " } he 
eeption of his reference oO ‘ >¢ oO ) er experiments 
\ eh were ? rile 1 nu wy ears wo nd whiet were I 
tire failure so far as practic peration was concerned 
Mr. Snyder's remarks are noted with inter The q or 
of the adopt on ot pulverized eo to power ses is niv war 
ranted where the cost ol operator would Snow a tair interest on 
the investment. We admit that stoker Plants are operated w th 


high efficiency under eareful 


management, but we believe that 
pulverized coal will show increased efficiency and lower eost of 
operation than the average stoker installattor particularly In 
plants using a large enough quantity of eoal to permit obtainiy ° 
a low cost ot preparation. 

Mr. Stevens offers intormation, which he obtained fron a 
prominent engineer, to the effeet that v1 per cent of uneon- 
sumed carbon passes out of the stacks with stokers This is a 
condition that is not possible with pulverized coal in furnaees 


properly proportioned and 


operated correct], 
Mr. Riley’s remarks are 


particularly gratifying in that 


he 


coal 


fully 
A 
in- 


realizes that the question of the adoption of pulve rized 


matter of dollars and cents. 


1s 


and that its application in any 


vstem will give the best returns 
for the money invested 








Mr. Trump spoke of experiments made in past vears, and the 


writers particularly wish to point out that the turnace was too 
l 


small for the boiler which he used, or else the quantity of coal 


fired to the furnace was beyond its capacity for satistactory sery 


‘ec. Furthermore, in the earlier days the fineness of pulveriza 


l 


tion was so much coarser than that now used in standard practice 


that there is no COMPAL Ison, and the results obtained could noi 


possibly have been satistactory enough for commercial pu 


poses. 
that the idea of the use 


Mr. Cary is correct in his statement 


of pulverized coal has been in the minds of engineers tor many 


Many 


spent in an endeavor to accomplish this purpose. 


dollars have been 
It has, 
been an evolution, and the earlier disastrous results were strictly 
due to the faet 


at hand. 


vears. experiments and thousands of 


however, 
know ledar 


that sufficient of the subject was not 


The engineers did not realize that it was not 


the pul 
the coal that eaused the trouble, but the tact that thev 


tried to burn this kind of 


verizing ol 
fuel, which is nearly in the form of a 
gas, in a furnace designed for lump fuels. 

We would like to mention in regard to Mr. Cary’s statements 
that today the fineness of pulverized coal is such that it practically 
all passes through the 50-mesh sieve, which means that the largest 
particles are less than 0.01 in. in diameter. The velocities are slow 
enough to insure the complete combustion of the particies of this 
size, hence it is not necessary to go to the extra cost of pulveri 
ing to any higher degree of fineness than is now practically th 
standard, which equals 95 per cent through a 100-mesh sieve and 
through 


85 per cent a 200-mesh sieve, all passing through the 


50-mesh. 
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ment of its possibilities and to remove some ot the fallacies in 


regard to it which have had more or less general circulation. 


Mr. Harrisons Closure 


Marsh states in his discussion that 1 have used 
He has cited the cost 


used the cost shown in 


Ll note that Mr 


pre-war prices for the cost of pulverizing. 


used in ‘Table 1, whereas he should have 


lable 3, or rates of 40 cents tor millers and 35 cents tor laborers 


and $5 a ton for coal. These are not pre-war prices, but are the 


prices as paid by the Atlantic Steel Company. 


i 


present-day 
Mr. Marsh also speaks about pulverized coal picking up mois 


ture when stored. | thoroughly agree with him on this, but every 


one who uses pulverized coal has tound by experience that this 


fuel must not be stored. It must be kept moving at all times in 


the bins, consequently there is very little moisture picked up by 


the pulverized eoal trom the air 


I note in several discussions that considerable comment has 


been made rerarding the height of stacks neeessary tor the use 


as spoken of in my paper. During 


of pulverized coal on boilers, 


installed in Kansas, and saw boilers 


February I visited one plant 


working there erv satistactorily with a stack of about 3) ft 


in height. 
Most of the 

0.10 in. in the 

to 0.60 in. at the damper. This has not been my experience tor the 


pulve rized coal 


comment has been that Wwe should have a dratt ot 


combustion chamber and a draft of trom 0.20 n 


best burning ot under boilers. T believe that we 


should have practieallvy a balanced dratt in the combustion cham 


ber and first passage through the tubes, and from 0.10 in. to 0.20 





In closing, the authors wish to express their appreciation of the in. at the damper. These figures are based on 150 per cent of 
attention and interest aecorded them, as evidenced by the diseus rated capacity. Of course, if the boiler is intended to be worked 
$10n It is not their wish to present the pulve rizing ot fuels as at a lareer rat ne than this. it would be necessary to bean large! 
a modern panacea, but merely to lay hefore the Society a state stacks. 

‘ VO T Re ae PF 
CORRESPONDENCE 
( Conteisotioxs to the Correspondence Departments of MECHANICAL ENGINEERING by members of The American 
A Society of Mechanical Engineers are solicited by the Publication Committee. Contributions particularly weleomed 
are suggestions on Society Affairs, discussions of papers published in this journal, or brief articles of current interest 
to mechanical engineers. 
Recognition of Engineering Service (ue trom the public, so is the engineer being officially slighted 
by the Government though probably unintentionally. 
. Engineering services differ trom all other purehasable co 
To THE Eprror: modities in that they cannot be manufactured a ree 

Those who are fortunate enough to live or work near the trunk system of intensive production can glut the market with the 

line railroads have grown accustomed to the daily passage of like the mighty oak, they are a product of slow growth. It w 
Kor six months these have been homeward bound, the rounding up ol the country’s resources Ol engineering 


troop trains. 
to the delight reliet of all. “We ar 
going that way than the other,” has been the homely expression 


and vladder to see them 


of the multitudes who have waved at the boys as they swept by. 


And the most highly prized of the possessions of the returned 


is his discharge. For many years this will be exhibited 


] 
soldier 


with pride. Money could not buy it. Long after his friends have 


forgotten his record of war service and the memory of those days 
has become dimmed, that bit of paper stands as evidence of the 


Chat 


discharge is the only conerete form in which his part in the great 


deeds which each man performed for his Government. 
struggle is preserved—a form that is universally accepted—one 
that may be of benefit to the holder in many ways in the vears to 
come. No one but that little 
country to compensate for the sacrifice and no one but rejoices in 


admits this is enough from his 
his possession therof. 

Turning now to the vast army behind the army, should not 
mark or 
that 


sented by our Society, and yet it seems that after the hour of 


service in its forces be recognized by some tangible 


document? No profession contributed more than repre 


need has passed its work will go without commemoration. Just 


as the engineer has not been given the recognition which was his 


was largely responsible for the “ year earlier than 


result; and the world marvelled at the speed and volume w 


which the supplies, from bullets to ships, were turned out to bac 
up the hoys at the front. 
should be (at 


ot reeognition for those engineers who eave so freely out of the 


There least upon available some for 
! 


request ) 


experience and learning. Such form should hold equal value w 

other documents in the business world, in polities, as civil-sery 

rating, and in the eves of the publie at large. 
DonaLtp A. Hampson 


Middletown, N. Y. 


Foreign Coals and Stoker Installations 
To THE Eprror: 

American engineers are at an inereasing rate being ealled up: 
to design and build power plants in many other countries. Su 
cessful engineering will establish American engineering practic 
and will have a similar reflection upon the American equipment 
It is therefore important that engineering be based on acecurat: 
knowledge instead of any uncertainties as are likely to exist, du: 
to the remoteness of the market. | 
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[In power-plant design the one big variable in any location is 
the tue Chis is a major problem, because no stoker or method 
ol firing so tar developed is suitable for all fuels, nee ilating a 
thorough knowledge of the eoal and its characteristir ior a 

proper selection of stokers and furnace equipment. 

Some tuels are definitely known to be unsuitable for certain 
stoker types and yet not infrequently installations are made under 
these conditions, due usually to a lack of actual knowledge of the 

ie] lable to the market 

W hil ve have hundreds of books diseussir c emiceal 
analyses and geological formation of our various coals, there is a 
lamentable lack of knowledge of how to burn these coals as com 
mereiall received, considering combustion rates, « er, at 





tendant labor and other items. No engineer can 


pre iccess 
ful installations without such knowledge of the coals of a trict 
into which he markets his product. 
If it necessary to know the fuel characteristi 
coals to produce successful installations, it is certal wl 
more mperative to know those of the loreign coals, re 
are o be eliminated and suecesses assured 
Phe is o have been tortunate eno 
eombu ‘ problen with the tuels of practical ney 
have accumulate me data relative to the cor 
nharacteristh 0 ore mn Tunes i brie reneral ou 
IS prese ead \r aiscussion must of necess 1 
a mpossib » heeo! speech revarding tue 
them m cdistrie ) ( trict and seam by seam 
Vortl ”n ! he United States produces thre ceou 
we of vorl nost ot it berg bitumino 
( vi is a go production, mostly bitu 
tf wide variation in characte) 
co )! ‘ nker ana coking. 
Newfoundland Some bituminous coals are found, but not 
Li ¢*ris ‘ ‘ ‘ poet 
Mexic The coals of Mexico are found alone t} northert 
border, being probably an extension of our own Rov \ 
fields. Some fairly good bituminous and semi-bit coals 
ire ound 
Central America. A small amount of coal exis 
‘ timer Colombia has a small produetic 
s Venezue \rgentine and Chil Per vera 
} e dk sits in addition to the bitummous 
ide of coal found in South America is not | 
nn i I thie M ich Welsh and Ameri ( no 
porter e native coals offer little comps 
\\ s! inne \merlear eoals selling it thir ‘ ) yy 
Bue Aire 
’ Bituminous coal is found in the Be n Congo, So 
{ Nige Rhodesia and the Union of Sout \tr el 
also has a considerable deposit ol anthracite. 
Vhile the production of eoal in Afriea is not large, some ver 
od Tue s mined, and some very creditable stoker installation 
, her mace 
i t China and Japa produe coal in considerable quantities 





d there are many large power stations stoker-fired. China has 
those of the United 


it is natural that a good portion of the 


sits Of anthracite equal to twenty times 


team generated 
China will be this fuel. 
the 


for a particular type of 


Irom 
Chinese or 
stoker. The state- 

that the 
These countries 
the United 
tes and a knowledge of the specifie fuel is necessary before 
an be 


sometimes hears statement that Japanese, 


er coals are suitabk 


is Just as loose and unscientifie as to state 
suitable for 


coal deposits oft every class that we | 


coals of 


erica are any specific stoker. 


ave in 


positively said that a certain stoker is suitable 

Korea, Manchuria, Siberia, Indo-China, India and Persia have 

nsiderable eoal, but not extensively produced. In the latter 

ee countries anthracite predominates. 

Britain and Ireland stand seeond in the world 
“luetion of coal and first in quality. The Welsh coals are the 
est and most widely distributed fuels of any in the world. The 

‘ritish merehant bring of food stuffs or 
rchandise to Great Britain and make the return trips with a 


trope. Great 


marine eargoes 
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ot Welsh coal. 


we are confronted in attempting to 


cargo This is one of the difficulties with whi 


a wider export market 


for American coals. 


Our coals nearest approaching Welsh coal are Pocohontas and 
New River, but most Welsh coals are superior to all but the 
choicest samples ot our coals. Fifteen thousand to fteen thou 
sand five hundred B.t.u. per pound is characteristic 

Spain and Portugal do not produce coal extensive France 
s a large producer of all grades of coal and should offer a 0d 


field stoker installations. 


Italy, Greece, B ilvaria, Der mark, Netherlands, Bosr . OeTVia, 


Roumania, Sweden and 


Spitzberger are all small producers « 
coal—mostly bituminous and sub-bitumn . 

Belgium, Germany, Austria and Russia are large pro el 
the latter country having extensive anthracite depos I a 
double those of the United States 

Oceania Australia has extensive coal depo Ss, a large prop 

on of whiel ire OL a e! ine qu \ ! rodue ! air] 
iret 

New Zealand, British Borneo, Dutel ist India and the Philip 
ines all have small productio f various coals of a b l 

bhituminous and lignite 1 ir 

In practi v all of these intr here are so y} 
some ot he insta itions have peen « racterized hb rong 
election o stoke me ( reasol! CISCUSSe¢ I 
oing paragraphs 

Chain grates, duc their simplieit erat 

|, have produced noteworthy results in most r ountrie 
ind over a wide range of operating cond 

It is verv much to be hoped that eo ) i 
n other lines of endeavor, American engineers w base their 
conelusions on accurate knowlede« ol the Tue and ts character 
istics and will conscientiously refuse to install stokers for condi 
tions which are for any reasons unsuitab! On any other basis 
the industry as a whole suffers and our engineering diseredited 
n foreign markets, to the detriment of future expor rade 


Discussion of Society Policy 


Mr. wn W. 


Rice, Secretar 


On page 688 of the August number of MECHANICAL I EER 
'G there is a letter on Cor tributions on Society Poli D Mi 
Morris Llewellyn Cooke addressed ti he Secretar ind also a 
eply by the Seeretar 

[ wish to urge on the Publication Committee that it find roo 

the Journal for suggestions on Society affairs and other co 
ributions in this Correspondence section Particularly contribu 
ions On Society affairs are desirable as distinguished from 
technical matters Theoretieally the Journal is ve reaay to 
uublish such eontributions, but practically its attitude gives the 
mpression that it rather discourages them. Mr. Rice mentions a 
suggestion by Mr. Crawford and which is My repl » tha 
vas in effect that we wer alread) aoing what fhe proposed, but 
nevertheless, if he would condense his lett r, we would be glad to 
publish if He never came back.” 

W ould it not have been decides better to have p iblished Mr 
Crawtord’s communieation, if necessary, by condensit t 


abroad that 
As 


also weleome, even though that 


Col 


rather than let the Impression go 
tribution 


possibly such a 


was not welcome? 


wanted and are undoubtedly 


suggestions are undoubtedly 
may 
not seem to be the case, it would be well to give possib!~ an 
necessary space, as that would prove the welcome to be an actual 
fact and would probably gradually draw out more comment, som 
of which, no doubt, would be useful and constructive even though 
a great deal of it might simply be the airing of personal opinions 

Every member who chooses to so air his opinions is entitled 
to that privilege and it should be unhesitatingly extended to him 
even though it might, to some extent, crowd out some other matter. 

[ believe that if a properly worded questionnaire on this point 
were to be sent out, it would show considerable int 


ve ry erest 
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among the membership along this line. Everything will, of course, 
depend upon the wording of the questionnaire, as nothing is easier 
than to draw out any desired information by skilful phrasing of 
the questions asked. 
Henry Hess. 
Philadelphia, Pa. 


[The Secretary has frequently told Mr. Hess that he is one of 
the most useful members of the Society and the Secretary takes 
satisfaction in again acknowledging the exeellence of Mr. Hess's 
suggestion, and the following is the letter from Lt.-Col. Crawford, 
published in full—TuHe SECRETARY. | 


My pEeAR Mr. RIce: 

Some little time ago, there came to me a cireular letter over the 
signature of Mr. Walter B. Snow, promoting the cireulation of 
the journal MECHANICAL ENGINEERING by asking members of the 
Society to tell young acquaintances something of its undoubted 
merits. 

About the same time there came from a friend a personal letter 
which advised me that at the present time there are more than 
twenty local unions of draftsmen and engineers in subordinate 
capacities already in existence around over the country, claiming 
a membership of three thousand, who are affiliated with the 
American Federation of Labor. An unverified rumor of a Civil 
Engineers’ Union somewhere in Connecticut has drifted in. 

Every member of our Society worthy of the name is and should 
be glad to help it or its Journal, but before we make an effort to 
spread the Journal’s cireulation widely, might we not be advised 
in a little introspection for the sake of some of these prospective 
members whose state of mind is indicated by the facts above 
mentioned, as well as for ourselves? 

In a letter “to the editor” in the February issue, it is sug- 
gested that the Society “ encourage the publication of letters 
about the life of the Society in each issue of MecHaNnicaL ENGI 
NEERING.” So far as I know, there has been no decision upon 
this, and before it is decided either to do this or not to do it, the 
implication should be clearly reeognized. 

Without perhaps intending it, the policy of the A. 8. M. E. 
always has appeared to be to deprecate the open discussion of its 
affairs—especially after such affairs had reached the contro 
versial stage. This is one well-recognized method of conducting 
any enterprise and there is much that can be said in favor of it. 
Most of us practice it as a matter of course in our private affairs. 
The opposite method and the one evidently advocated by you 
correspondent is “to take the lid off” and permit members to 
register complaints freely either by voice or pen whenever they 
may feel the spirit’s urge. The point I wish to emphasize right 
here is that between these two policies there is no middle course 
possible, 

If it is decided to encourage the fullest possible discussion of 
the Society’s affairs in the Journal and at its meetings, there is 
implied a willingness to publish any and every criticism that may 
be received. It would be obviously unfair to the membership to 
adopt the policy of an open forum and still retain the censor. 
Since the subscription lists are open to all who can pay the fee, 
it might not be out of place or even unwise to open the columns 
of criticism of our Society to any one who can write and has 
something to say. 

Since this letter is written as a suggestion, why is it not a 
timely one? Why cannot such communications be encouraged by 
an unequivocal and emphatic statement that all criticisms 
received will be published? Surely, letters written by members 
in good standing are entitled to such treatment. There is another 
phase to this procedure, as it is the testimony of every one of 
whom I know who has had the experience of adopting such a 
course that during a short period there may be too many earping 
and fault-finding letters, but these soon exhaust themselves and 
the way is open and well paved for the era of constructive sugges- 
tions coming from the membership. It is these that we need and 
for which we can afford to pay the price in introspective house- 
cleaning. Consider what our Society might be if we could induce 
each of its ten thousand members once in a while to express his 
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views on the purposes of the Society and the methods of their 
realization. 

Can we not wisely decide to encourage in every way at our 
disposal the freest possible expression of public opinion as to 
Society activities? If in rare instances there is no foundation for 
a criticism, it will fail from its own ineptitude and no harm will 
have been done. But when there is a cause for eritical or fault- 
finding comment, we all want to know about it and see that the 
fault is corrected while at the same time its cause is removed. 

The writer is neither a reformer nor a crusader, as you know, 
but he does feel that if we were doing all that our pooled intelli- 
genee, facilities and experience could make possible for the engi- 
neering sciences and the profession at large, crowds of our 
younger prospective members would not be forming labor unions 
and there would be no need for members of the Society to solicit 
subseriptions for its Journal. 

With kindest personal regards and my best wishes at all times, 

Very sincerely yours, 
C. H. Crawrorp. 

Rio de Janeiro, Brazil, 


Mareh 13, 1919, 


Strengthening of the Patent Office 


The Patents Committee of Engineering Couneil has collaborated 
with the similar committee of the National Research Couneil in 
developing a scheme for the improvement of the method of deal- 
ing with patents in this country. The staff of the Patent Office 
is itself actively engaged in this effort. 

Out of the report prepared by the National Research Council, 
and approved and adopted by Engineering Council as the report 
also of its Patents Committee, remedial legislation has taken form, 
and the following bills have been introduced in the House of Rep 
resentatives : 

Hlouse Bill 5011, being a bill “To establish a Patent and 
Trade-Mark Office independent of any other department and 
provide for compensation and infringement of patents in the 


form of general damages, and for other purposes 


Ilouse Bill 5012, being a bill “ To establish a United States 
Court of Patent Appeals, and for other purposes 
Hlouse Bill 7010, being a bill “To inerease ¢ fore nd 


salaries in the Patent Office.” 


Mr. Edwin J. Prindle, Mem.Am.Soe.M.E., Seeretary of the 
Patents Committee of the National Research Council, has reeom- 
mended the publication of this notice in MECHANICAL ENGINEER 
ING to prompt mechanical engineers to write to the chairmen or 
members of the Patents Committees of the Senate and of the 
House of Representatives urging passage of the bills approved 
by the National Research Council. The personnel of these ecom- 


mittees is as follows: 


COMMITTEE OF PATENTS OF THE SENAT! 


GEORGE W. Norris, Chairman 
FRANK B. BRANDEGEI ee 
PHILANDER C. KNOX......... 
FRANK B. KELLOGG 
WILLIaM F. Kirpy 
ELLISON D. SMITH 
THomMAS IP. Gort 


.. Nebraska 
Connecticut 
Pennsylvania 
Minnesota 

. Arkansas 
.South Carolina 


Oklahoma 


COMMITTEE ON PATENTS OF THE House OF REPRESENTATIVES 


JOUN I. NOLAN, Chairman 
FLORIAN LAMPERT ....... 


.California 
. Wisconsin 


LOREN FE. WHEELER ...... , see ae athe Meera Illinois 
ALBERT HI. VESTAI be alee obo , ...I Indiana 
So RR ee . Pennsylvania 
ALBERT W. JEFFERIES tae tantads ....Nebraska 
EN ee ee eee er New York 
I svi cick. seen ow eave a eee Pennsylvania 
Se ee ND ov dc ec addae cua 22. New York 
RET MS ee Sai 8 ee a ee Ohio 


iL MI pc alts occa alana iced ial eave. hn algrce Bint . . Tennessee 
ee Pt ee ee ee ee .. Alabama 


The report of the Patents Committee of the National Research 
Council was published in the February issue of MecHANIcAL 
ENGINEERING, page 147. 





























The Bureau of Research of the American Society 
iting and Ventilating Engineers 


’ |’ HE American Society of Heating and Ventilating 


of 


A Department Conducted by the Research Committee of the A. 


lle: 


ENGINEERING 


bey 


has recently issued a Bulletin on their Research Burea 


the Directorship of Prof. John R. Allen, who has resign 
e Deanship of the College of Engineering and Arehites 
he University of Minnesota to take up these new duti 
hi following regulation s have been adopted by the Se 
control of the Bureau ot Research: 
First l ther i standing committee kt 
(ol ttee and consisting 15> members, each rving 
e retiring each year 
Second a That the ¢ nei ill nominate 
t each i ve ! fill the vacan t 
the next I il eeting 
That the nom tior i y the ¢ ! ! 
October sue of tl S tv's Jour! 
Phat 1 to Deceml t of a ! t 
I sig! tu I nite ‘ I ‘ clit 
e Research ¢ nd such additional 
| t! t the rat 3 dk ‘ 
} ele t , t thy 
\ | ( 
‘ t ‘ ‘ 
The Rh ( ittes i j 
Bureau of Ke 
j 1} ’ ’ : tt ‘ } ‘ +? 
pny tig t i r res I 
i | = I : iff t t wi I I J it 
nt of p engineering, to appoint a sub-« 
( ect ng data and record 
~_ { ey the re ] ' 
Tet iN 
Kt t ‘ t ¥ 
mnst t ig t 
j NI ed t gyest S r tl ‘ 
‘ h 4 K it 
t ) t Resen 
W he are} k ind neces 
neg t th i it 4 
Ss, as rdet ork ind 1) 
Pure No ! | gned to t 
eg ] Ve else ne 
tli t t xisting d 
« mitt t resent a synopsis of sucl 
meeting t Society for discussion and 
lo rey | I ! e data, whethet g yg 
h Pure ( ttee, or elsewhere, t y 
he Society for dis on and approva 
| | t o1 tions of finance, ethics 
Oh of th sub-committees of the Rese 
known as the Research Executive Committ 
four members, one of which shall Cl 
(‘ommittee The Research Executive © tte 
the business of the Rese arch Committee It sha 


ontracts for rental 
t shall select and employ 
may 
expens 


reau o as 


nd 


f Research 


all 


ipprove 


the 
be 


es 1 


ind pure hasing 


» director 
required. 
neurred. 


‘ 
and 
It 


in which the subjects shall be investigate 


Che Executive Committee 


income to the Research 


shall 


Bur 


not ma 


reau withe 


rch Committee and the Council. 


th: 
er of all sub-committees. 


enth: 


approval of the Research Committee. 
All acts of the Research Committee shall 


of the Council. 
hth: 


ng Committee, which one 


locality t« 


ke 


rut t 
The Chairman of the Research Committee s 


a All acts or reports of sub-committees 


shall 


It shall d 


shal 


subject 


a Each Chapter of the Society shall appoint a 
per year 
procure funds for the maintenance 0! the Bure 


conduct 


au ot 


RESEARCH 








S. M. E. 
Lk ( t the R 
‘ tt 1 ‘ ‘ tT 1 t { 
ich campalg! in territ 
bh All ne received for eB ie } 
the ‘Treasur of the S I the 
inder ‘ The Research Burea ill oF ‘ t y 
ty payment the Research Bur ! t 
F lreasure in accord ith tl ‘ ting ‘ t 
si the Society vut zed ( ting Aug 
1. 1017, excepting that cert t the S« 
ir the Societ to be t t . 
the Research Cot ttes the Re ch Executive ¢ tt 
. ial iten i 1 ‘ ed t! te rch | t ( 
instead of the Finance ¢ ittes e Societ 
Ninth hte rts ol tivities the LB Ike 
‘ t . bers e Sx t t 
’ el reh Bur 1 Fund 
° he Research Com Lee { rst meeting ¢ Mat , 2 
nanimou passed ( ollowing resolullor 
Moved That in le t t t tl ties < 
” e} ‘ ‘ the ( ‘ ¢ 
nts S ted ' 
At present the Soci has had to subseriptions amo 
=18.000 per veal L he sure 1 ot Mine nate the 
nvestigatol office space r service 
chemical laboratories, use OL spet borator col 
power’! house, services I rhe TT! 0 ‘ ai a 
2 re, arrect and alternating curre! not ane \ I 
é ise ol te ipparatl may r¢ ivallabD It is 
nis W mou! two at mie ) S70 000 per 
The specia u \ es which Wi Y ndertak¢ y\ ‘ 
Research are the investi ion ¢ rious systen 
‘ e aceessories O! the I iT} vhict are cialn 
e etherene or the eo ort mre nst illo \ 
probiem 18 the es ib shmet ( ras, DAS 
eontent in p ot tempe! I 
Past-President Still expre : ( 
B irea ot Research as 10 lows 
ody the first thing , 
‘ t a f 1! tT 
j d t t 
sg at tained | 
¢ mat tex tod ¢ ‘ 
tant hvs ¢ ~ 
te aoe @ Ale ¢ 
; : or 
Next det ; t 
thy € way . ¢ ils 
yy | 
Ihe : tod ¢ offic . 
nd I niace to eate radiat t 
I nt res in different t S ¢ ing 
l most ient metho ‘ g t 
; nt ¢ a wre . 
n , nace heating. pipe es r ste ‘ I nd l 
ther subjects will be investigated 
, Many manufacturers have made a ul ‘ f i ng 
k :' 
nvestigations to develop their yparatus t the nt 
‘ ¢ rfection which is to them most t 
rf : 
products to the experimental lab t ~ ent 
I 
‘ sity so as to gain an endorsement h g son 
R tiality This never succeeds in convincing th ) s tl 
comparison with other makes of the same apparatus, 1 
ethod establish any standard by wh t S the er 
the of the apparatus tested. Hence the ti ! xpense tl 
ire usually poorly invested if not enti sted 
x-officio This project is of such importance to every ul ‘ 
jobber and specialist in the heating and ventilating field 
, should receive his unqualified approbation and financial sup 
" sub ec . ° . ° 
is a big undertaking and will entail a heavy expens r seve 
' The financial support of every manufacturer and eng ring 
to the aj > Bir 
; tion must therefore be enlisted, and such financial support 
supplemented by the personal support of every on meerned 
Research : ; 
ArtTHUR M. GREENE, 
a campaign 
Chairman Research Comn 
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A—RESEARCH RESULTS 


Apparatus and Instruments A5-19 Wire-Testing Extensometer. 
An extensometer for testing wire and other thin sections 
has been developed at the laboratory of the Westinghouse 
Electric and Mtg. Co. It consists essentially of a metal 
block to which two flexible side pieces are attached, the 
tree ends of these carrying rollers. The wire to be tested 
is clamped at the block and passes between the rollers. 
Extensions ot the wire between the block and rollers due 
to loading the wire result in rotation of the rollers, which 
are held in contact: with the wire by the flexibility of the 
side pieces. 

Light from a small, straight-filament galvanometer lamp 
passes through a collimating lens to a mirror in the axis of 
one roller. From there it is reflected to a similarly placed 
mirror on the other roller, and reflected from there to a 
white scale divided into millimeters. An extension of ap 
proximately 0.0001 in. causes a movement of the spot of 
light to a distance of 1 mm. on the seale. 
the spot of light could be read to Y5 mm. 

The instrument has been in constant use over a period 


The position of 


of several months with very satisfactory results. Speei 
mens have been tested having sectional areas ranging from 
one-tenth to twenty-millionths of a square inch, with satis- 
factory results. A patent application has been made cov- 
ering this instrument. Address, Westinghouse Electric & 
Manufacturing Company, Pittsburgh, Pa. 

Apparatus and Instruments A6-19 Standard Cement Sample 
16-¢ tor checking 200-mesh sieves has been prepared and is 
ready tor distribution. 80.2 per cent passes this sieve. Ob- 
tainable in 160-gram samples at the Bureau of Standards 
for 25 cents per sample; one sample sufficient for three 
tests. Bureau of Standards, Washington, D. C. ‘Address 
S. W. Stratton, Director. 

Apparatus and Instruments A7-19 Pienometer. A new type of 
picnometer for the determination of density of 
substances. 


Viscous 

Viscous liquids, such as molasses and oils, 
owing to their high retain innumerable air 
bubbles. This faet makes aceurate determination difficult. 
Bureau of Standards, Washington, D. C. Address S. W. 
Stratton, Direetor. 

Apparatus and 


viscosity 


Instruments A8-19 Lime Investigations. <A 
plasticimeter designed to determine the plasticity or spread 
ing properties of lime has been developed by the Bureau 
of Standards. This simulates the action of the plasterer 
in spreading the material on the wall. Means are provided 
for obtaining the effort which the plasterer must exert and 
for varying at will the base upon which the plaster is 
spread, the time required and the angle which the trowel 
makes with the surface. The force required to spread the 
plaster in conjunction with the time during which this 
force acts gives the measure of the plasticity. 
Standards, Washington, D. C. 
Director. 


Bureau of 

Address S. W. Stratton, 

Apparatus and Instruments A9-19 Gas-Engine Indicators. Com- 
parison tests between three types of compression indicators 
show that one type varies from 15 to 30 per cent from two 
more accurate types which agree with each other. 
of Standards, Washington, D. C. 
Director. 

Apparatus and Instruments A10-19 The Measurement of Radii 
of Profiles. A communication (B519) from the Gage See- 
tion of the Bureau of Standards. Bureau of Standards, 

_ Washington, D. C. Address S. W. Stratton, Director. 

Apparatus and Instruments A11-19 The Micrometer Microscope 
and Its Use in Gage Inspection. A communication (B521) 
from the Gage Section of the Bureau of Standards. 
Bureau of Standards, Washington, D. C. Address S. W. 
Stratton, Director. 

Apparatus and Instruments A12-19 The Measurement of Taper 
(Gages. A communieation (B522) from the Gage Section 
of the Bureau of Standards. Bureau of Standards, Wash- 
ington, D. C. Address S. W. Stratton, Director. 


3ureau 
Address S. W. Stratton, 
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Boilers Al-19 Boiler Treatment. 
Bureau of Mines. 
Washington, D. C. 
Calorimetry, Pyrometry, 


Technical Paper 3218 of the 
Address Van H. Manning, Director. 


Al-19 Combustion of 
Volatile Oils in Bomb Calorimetry. A new method of burn- 
ing volatile oils in a bomb calorimeter as a check on the 
results from a Junker Calorimeter. Bureau of Standards, 
Washington, D. C. Address S. W. Stratton, Director. 

Calorimetry, Pyrometry, Thermometry A2-19 Naphthalene and 
Benzoic Acid Samples. The Bureau of Standards has pre- 
pared new samples of naphthalene and benzoie acid to be 
distributed as standard heat samples, and the heats of com- 
bustion have been determined. Bureau of 
Washington, D. C. Address S. W. Stratton, Director. 

Cement and Other Building Materials A6-19 


inforeed-Conerete Columns. 


Thermometry, 


Fire Tests of Re 
Tests indieate that columns 
of gravel aggregate largely of quartz or quartz and granite 
showed a strong tendency to spall when subjected to fire, 
especially with spiral reinforcement. One ineh of plaste 
cement with light metal binder formed almost complet 
protection. This suggested metal-lath forms, using the 
conerete With coarse 


Chre e colum 


which passes the form as plaster. 
aggregate little material squeezes out. 
were tested in May, in two of which cement plaster was 
used as protection, while in a third cast tiles of 
were used. 


gyvpsun 
The outer coat of cement plaster did not re 
main in place under fire. The inner coat did not give suffi 
Sureau of Standards, 
D. C. Address S. W. Stratton, Direetor. 
Other Building Materials A7-19 


Conerete Floors. At the end of six months’ exposure 


elent protection. 


(Cement and Ilardeners tor 

ordinary laboratory traffic, the applications of magnesiu 

fluosilicates, varnishes and paints, wax 

sodium silicate, linseed oil and soap solutions were succe- 

ful. <A solution of commercial sodium silicate seems to be 

as effective as most of the expensive preparations. Burea 
of Standards, Washington, D. C. 
Director. 

Cement and Other Building Materials A&-19 Stucco Speeiica 

tions. <A tentative stueco specification has been prepare: 
for the Committee on Treatment of Concrete Surfaces o 
the American Concrete Institute. It will be published 
their Proceedings for 1919 and in a Technologic Paper 
the Bureau of Standards. Bureau of Standards, Washi 
ton, D. C. Address S. W. Stratton, Director. 

Cement and Other Building Materials AY-19 


Corrosion Tests. 


Caleium Chlori 
Plaques of 1:2 mortar and 1:3 mort: 
in which plain and galvanized wire mesh had been 
bedded were broken during May at the Bureau of Star 
ards when two years old. Plaques were made witho 
using caleium chloride in mixing water and with 4 
cent ealeium chloride. The mesh, boch plain and 
vanized, where imbedded in 1:2 and 1:3 mortar with: 
the calcium chloride was found to be practically free f1 
corrosion. A 1:3 mortar to which ealeium ehlorid 
added had the galvanized mesh badly rusted and the p! 
mesh disintegrated. The mesh in the 1:2 mortar \ 
attacked, but not to such an extent as that in the | 
mortar. Bureau of Standards, Washington, D.C. Add 
S. W. Stratton, Director. 
Cement and Other Building Materials A10-19 Unsoundness 
Lime Plaster. To prevent unsound lime plaster wit! 
resulting popping, the plaster sand should not contain « 
1 per cent of sodium chloride, 2 per cent of magne 
chloride, and 10 per cent of red clay. Inferior qualit 
clay is responsible for popping. The expansion of s! 
particles of plaster is the cause of this. The experime! 
have not been completed, but these results are now evide! 
Bureau of Standards, Washington, D. C. Address S. \ 
Stratton, Direetor. 
Chemistry, General and Physical Al-19 Applications of Crit 
Solution Temperature Methods. Application of meth 
to determine purity of chemical substances. When | 


Standards, 


Washington, 


preparations, 


Address S. W. Stratton, 





or eto Ae. 
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substances form two liquid layers, the highest temperature 


at which they can exist and the concentration at this point 


are the critical solution temperature and eritical concen 


tration, respectively. This fixed temperature 1 par 
ticular case is greatly changed by small quantities of cer 
tain impurities. This phenomenon is being applied to the 
lollowing 


! 
petroleun 


probl Iis 


t the 


products, 


com posit 


termination o ion and const ) 


es per lally gasoline 


L tie quantity ol water absorbed = by (aso 
tormer oil and other liquids which Oo no 
t} "— 
) the muserbih relation 0 he aleoho dro 
arbon mixtures such as kerosene, as beat 
lization ¢ he Ingher-boiling hvdrocarb 
er! combustion-motor Lue 


Bureau ot Standards, Washi 


Str mn, Director 
wind Tea e Chemistry Al } Inl Lable ( 
Analysis ot irge variety of permanet nksS ane ders 
ol port records Bureau of Standare pos 
! ) ike able suggestions to mar mn 

(jovernme rencies. Bureau of Standards, 
Ly. 4 Address S. W. Stratton, Direetor 

/ , General A2-19 lLenition of Cotte lec 


ricity The Bureau of Standards has deter the 
discharge from a static machine will ignit nder 
certain conditions of humidity, voltage d tre 

quency, and that electricity is generated by rub dt 

otton over a galvanized surtace Experiment re eal 
ried on because of considerable tire loss un ng 
districts. Bureau of Standards, Washingt I). 4 \d 
dress S. W. Stratton, Director. 


relative capacity of positive 


Relative ¢ apacities o| 


compared, 


Batte ries 
plates 
slight 


are showing material imp 
additional cost when plates are of diffe: 
Standards, Washington, D. | 
Director. 

Impurities in Acid Electrolytes 
} 


el 


ies Bureau of 
W. 
ric Power A4-19 


affording 


S stratton 


poorest electrical performance cont 


Payy 
muTreau 


amount of impurities in electrolytes St 
ards, Washington, D. C. Address S. W. Stratton, Dire 
Ga Tar and Coke 12-19 Motor-Gasoline Prop : 
Laboratory methods of testing and practical applica 


of the Bureau ot Mines 
, Director, Bureau of Mines, Washing 


lechnical 


Var i 


Paper No, 214 
Manning 


oO! 

, Ga Tar and ¢ e A3S-19 Gas-Standards Inves 
Report of a Committee to the Publie Service Con ssl0l 
f Indiana regarding the heat value of gas to be expecte 
from gas plants using various grades of coal Address 

, Publie Service Commission of Indiana, Indianapolis, Ind 


ind ¢ { ‘9 Joints of Glass to Meta latinizes 
vrlass tubes fused into metal tubes will h 


sq. 


eram 


old pressure ) 


}000 Ib. per i capillary tubes to 6000 lb. per sq 


\ppheation to laboratory work in connection with glass 
j bulbs and small valves for weighing quid ammonia, 
earbon dioxide, and ethyl chloride. Used in determining 
ras densities by condensing gas and inclosing it within 
rlass bulbs, and in determining the density of volatile 


quids and liquetied gases for purification of 
Standards, Washington, D. C 
dress S. W. Stratton, Director. 


ind ¢ 


gases 
pressure. Bureau of 
Tests 


; 


used for 


eramics A2-19 Heat Transfer by Radiation. 


plain, ribbed and hammered 


‘ 
oT 


window 
ot 
perature, the temperature rise in a given time was thi 
same for all three within 114 to Aside from 
screening of plants from the direct sunlight, there is no 
class. Bureau 
S. W. Stratton, 





glass 


rreenhouses show that for a total ris« 50 de in tem 


2 deg. cent. 
apparent advantage in the use of special 


of Standards, Washington, D. C. Address 
Direetor. 
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Glas 


ternal-( 


and Ceramics A } (rlusse for the P21 ( mot | es 
from Injurious Radiation rechnologic Paper No. 119 
on The Ultra-Violet and Visible Tra $810 it Pro 
tective Eyeglasses, discusses the results of th rie 

ultra-violet transmussio1 of 82 sample ot eyve-pro 


tective glasses; the intra-red transmission |! ee! 
covered by an earlier paper. Information is given regard 
ing the approximate color, thickness, transn 
specie wave lengths « mpared with transmis 
sample ot colorless crown glass and with the 
sensitiveness curve of the average human 
light transmission 1s also el Bureau ot 5S 
Washington, D. ¢ Addr S. W. Stratton, D 

mbustion Motor 1] j Deterioratior tl Op 1’ 4 
Electrodes. Three phenom ippear to contrib 
sharp tractures whi ecur U evera f é ! 
‘round ’ electrodes « spark plugs irs 
oxidation along the crystal borders with the fon nO 
eutectic-like network; second, overheating and sudde: 0 
ing of one spot by spark gives rise to an intere1 
network of fissures; third, tension on the hot wir 
t with very low load with definite transve1 
ervstalline eracks. Bureau of Standards, W 
LD. ¢ Address S. W. Stratton, Director 
l-Combust n V otors 12-19 Radiator Invest 
Determinations of drop in pressure through air 
radiators show that smooth, clean and polishe: irfaces 
vive higher efficiency than rough or corroded 
The effect of indirect cooling surfaces and the effect o 
water speed on radiator efficiency have been dete 


Bureau of Standards, Washington, D. ¢ Address S. W 
Stratton, Director. 

ul-Combustion Motor i } Flame Propagat 
ternal-Combustion Engines. The rate of flame propag 

in engine evlinders s ben yr measure i the B ( 
Standards, more than 150 individual photograp! cords 
being taken. The average ilue of this rate tor 
gasoline in engine evlinders is 10 meters per seco e1 
normal conditions A velocity of 2.5 meters per second 
is obtained with lean an ixture Bureau Stand 
ards, Washington, D. ¢ (ddress S. W St 
Director 

irgy a Veta ) A The Mierost: 

Very Low-Carbon Stee Ver ittle information is ava 
ible regarding the structures which may be produce: n 
steel containing but a few hundredths one per cent ot 
carbon. W. J. Brooke and F. F. Hunting (Jour 


Ir } ana ‘ 


teel Institute, 1917, 


unusual str 


quer | ( 
tween 899 and S32 dee. e They offer the exp Oo 

that it is a eutectoid throw out of solution between thes 
emperatures A stuc vas made at Yale University. 
under the direction of Prot. C. H. Mathewson, to thro 

some light on the nature of this constituer um 
mine the effect of various forms of heat treatment n the 
structure of very low-carbon steel. The material used was 
prepared by Dr. T. D. Yensen at the Westingh« Re 

search Laboratory by fusing electrolytic iron and carbor 
In a vacuum turnace \ sernes ot exceptionally pure eels 
was thus made, with the earbor eontent ranging rol OO 
to 0.100 It was found that the “ eutectoid” s ires 


could be produced in this pure mate rial by quene! ine fron 


within the eritical range Further experiments produced 


conclusive evidence that the so ealled eutectoid is not eaused 


by impurities in the metal, but represents the transforma 
tion product of the austenite which is stable at the 
perature of quenching. 

When very low-carbon steel is quenched from abov A, 
a large amount of free ferrite is found, the carbon being 
present in the form of sorbitie needles seattered through 
out the material in the cleavage planes of the original 
austenite. Annealing at a temperature just below A, t 


a long period of time brings about a separation ot the 


or 
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sorbite needles into minute globules of cementite. 
to above fins 
sorbite into very small grains of pearlite uniformly dis- 
tributed between the small ferrite grains. R. E. Bedworth. 
Address Westinghouse Electric & Co., 
Pittsburgh, Pa. 

Varnishes and Resins Al-19 Specifications tor Linseed 
Oil. Cireular No. 82, Recommended Speecitications for 
Linseed Oil, has been issued by the Bureau of Standards, 
this being the first of a series of paint specifications based 


Heating 


just followed by slow cooling, changes the 


Manutacturing 


Paints, 


on recommendations of a Committee composed otf repre- 
sentatives of various Government organizations purchas- 
ing such materials. Bureau of Standards, 
D. C. Address 8. W. Stratton, Director. 
Properties of Engineering Materials A2-19 
erties of Materials. 


Washington, 


Mechanical Prop- 
The Bureau of Standards has issued 
a 5l-page cireular letter giving the various properties of 


engineering materials such as iron, steel non-ferrous 
metals, rubber, leather, rope and wood from latest in- 


formation. 
ity, 


The properties include density, specific grav- 
tensile and compressive strengths, elongation and 
reduction of area, modulus of elasticity, modulus of rup- 
ture, shearing and transverse strength, ductility, Brinell 
and seleroseope hardness. Bureau of Standards, Wash 
ington, D. C. Address 8S. W. Stratton, Director. 

Al-19 Sugar Technology. An investigation of the method 
of analysis of sucrose or in the of 
The polariscope is un 
As 
sugars 
which 
all substances except sucrose remain unaltered, inversion 
being brought about by heating with acid. The constants 
upon which the method which has been hitherto widely 
used was founded have been found to be considerably in 
error. Bureau of Standards, Washington, D. C. Address 
S. W. Stratton, Director. 

A2-19 Density of Viscous Liquids. 
Instruments A7-19. Bureau of Standards, 
D. C. Address S. W. Stratton, Director. 


ougar 
cane sugar 
other sugars has been completed. 
able to differentiate between sucrose and other sugars. 
a single observation merely gives the effect ot 
in the solution, double observations are required in 


pre sence 


all 


sugar See Apparatus and 


Washington, 


B—RESEARCH IN PROGRESS 


Aircraft B1-19 Fuselage Shapes. 
tion, Garden City, L. I. 

Aircraft B2-19 New Wing Sections. 
Corporation, Garden City, L. I. 

Aircraft B3-19 New Types of Gasoline Pumps. | 
gineering Corporation, Garden City, L. I. 

Aircraft B4-19 New Types of Turbine Propellers with Special 
Characteristics as Constant Power at Various Air Speeds. 
Curtiss Engineering Corporation, Garden City, L. I. 

Aircraft B5-19 Resistance of Flags. Address Curtiss Engineer- 
ing Corporation, Garden City, L. I. 

Apparatus and Instruments B10-19 of Aerodynamieal 
Balance of New Type. Address Curtiss Engineering Cor- 
poration, Garden City, L. I. 

Apparatus and Instruments B11-19 Experimental 
tion of Influence of Air Conditions at 
Indication of Air Speed Meters of Venturi Pitot 
Types. Wind tunnel used under reduced air pressure. 
Bureau of Standards, Washington, D. C. Address S. W. 
Stratton, Director. 

Apparatus and Instruments B12-19 Orifice Meters. An 
investigation of orifice meters to correlate and verify the 
work of previous investigators. Coefficients to be de- 
termined are of fundamental importance in establishing 
accuracy of measurements of steam, natural gas and other 


vases. Address 


Curtiss Engineering Corpora- 


Curtiss Engineering 


Design 


Determina- 
High Altitudes on 
and 


Gas 


Bureau of Standards, Washington, D. C. 
S. W. Stratton, Director. 

Apparatus and Instruments B13-19 Weather Tests of Building 
Stone. The Bureau of Standards is endeavoring to perfect 
an automatic freezing apparatus which will give a dis- 


« 


JOURNAL 


Tut 

ENGINEERING Am. Soc. M.E, 
integrating effect comparable with weather conditions and 
at the same time facilitate the process in the laboratory. 
The indications are that it will be possible to produce as 
much disintegration in a few weeks in the laboratory as 
would occur in several years’ exposure to the weather. 
Bureau of Standards, Washington, D. C. Address S. W. 
Stratton, Direetor. 

Cement and Other Building Materials A9-19 Expansion and 
Growth of Marble and Limestone. The thermal expansion 
of marble has been examined at the Bureau of Standards 
and the tendeney to increase its dimensions permanently 
following successive heatings has been shown to be true. 
Experiments are being carried out to determine the amount 
of this growth for different types of marble and also to 

diurnal 

Some slabs of marble 6 ft. long are 


determine if it is appreciable for the ordinary 
temperature changes. 


exposed to the weather and measured each month. Tests 
are also being conducted on Indiana limestone. An ex- 
amination was made on a marble floor which had been 


believed that this is due to the gradual 
crowth. Bureau of Standards, Washington, D. C.  Ad- 
dress S. W. Stratton, Director. 
Cement and Other Building Materials B10-19 
Mortars. ol 
Measurements are being made of slabs of cement 
of but 


eracking. It is 


Volume Changes 


in Cement Continuation work of previous 


months. 


mortar with the same mix cement and sand with 


12, 13, 15, 16 and 18 per cent of water. The indications 
are that with the same mix and the same amount of water 
the contraction is the same although the slabs are made 


under different conditions of temperature and 
humidity, 


atmospherie 
Usually the contraction is greater with a larger 
amount of Bureau of Standards, Washington, D. C. 
Address 8S. W. Stratton, Director. 
Cement and Other Building Materials B11-19 
The 


connection 


water. 


Oil Storage in 


Bureau of Standards is examining 


with oil 


Conerete Tanks. 


conerete in storage. So far lard oil 


and cocoanut oil are the only oils which have attacked con 
crete. After one year the surface of the concrete of the 


Atter 


various oils 


tank containing lard oil has disintegrated. one year 


specimens of concrete stored in and under 


normal conditions give the same compressive strengths A 


paper presenting the results of these investigations was 
read before the annual meeting of the American Conerete 
Institute. Bureau of Standards, Washington, D. ‘ Ad 
dress S. W. Stratton, Director. 

Chemistry, Inorganic B1-19 Spectroscopic Researches I'he 
Bureau of Standards is investigating the spectra of many 
metals over a wide range of wave lengths and into the 
infra-red region. About fifty different e.ements have beer 
investigated throughout the entire range which ean be 


photographed by using special means Of treating ordinary 
photographie plates so that they become sensitive to the 
light and to the longer wave lengths as well as the ultra 
violet light. This work requires careful manipulation and 
skillful measurement and it 
mental importance. 


is considered to be of funda 
Small samples may be 
are and the spectra photographed. 
Washington, D. C. Address S. W. Stratton, Director 
B2-19 of Dry Cells and Bat 
The Bureau of Standards has designed and cor 
structed an improved apparatus to connect in the discharg 
circuit of batteries to be tested a seleeted group of cell 
for any period of time. Bureau of Standards, Washing 
ton, D. C. Address S. W. Stratton, Director. 
Electroplating B1-19 Effect of Pickling and Plating on Prop 
erties of Steel. Bureau of Standards, Washington, D. ‘ 
Address S. W. Stratton, Director. 
Electroplating B2-19 Lead Plating. Bureau of Standards 
Washington, D. C. Address S. W. Stratton, Director. 
Electroplating B5-19 Study of Bancroft’s Axioms as Applied t 
Electroplating. Bureau of Standards, Washington, D. © 
Address S. W. Stratton, Director. 
Electric Power B3-19 


burned in ar 
Bureau of Standards 
Tests 


Electrochemistry Storage 


teries. 


Survey of Eleetric-Pole-Line Construetior 
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An in 


tion to 


estigation of present practice of pole-line construe- 


the for initial strength as 


Standards, Washington, D. C 


LNnCcrease 


requirements 
proposed by the Bureau ot 
Address 8S. W. Stratton, Director. 
Tar and Coke B1-19 
The Bureau of Standards is cooperating with the Industrial 
uel ¢ 


ing various types of burners used in industrial applications 


Gas, Gas-Appliances Investigation 


ommittee of the American Gas Association, study 


to correct their faults and deficiencies. The proper designs 


burner throat 


ot air shutter, gas orifice, and are being 
worked out by the Bureau of Standards. Bureau of 


Standards, Washington, D. ¢ Address S. W. Stratton, 
Director. 
al-¢ 


An 


tions in the air flow through earburetors on account of the 


Investigations 


Votors Bo-19 


Investigation 1s being made of the effect of the pulsa 


ombuston Carburetor 


rmittent intake on the action of the carburetor. Bure 


rite iu 

of Standards, Washington, D. C. Address S. W. Sti 
Director 

nation B Miniature Lamps. Lite tests of miniature 
lamp re ben planned. Bureau of Standards, V 
ington, D. ¢ Address S. W. Stratton, Director 

er and Glue B2-19 Deterioration of Leathe: 

been u ited to determine the effeet of var 

ol Lree eid on tensile strength of leather, 

test a i iriv i vh temperature and also at roo pel 
ire In the latter test the effect of hght or 

dete! ratior V1 be studied Bureau of Stand , 


wrgy and Meta raphy Phosphorus  ¢ 

Ste The ef of varving amounts otf p 

the phvsi properties of steel ineludi 

tic ‘ ‘ is ol quantities permissib 

ra Effect of phosphorus on the microsti 

basic a d open-hearth earbon steel after 

tre el Bure 1 ¢ sStandat W; ) ( 


Stet i] tud oft the possibility « corre 
agi d mechani properties of 
! obec o developing metho ‘ ‘ 
ua d homogeneity of steel arti 
the specimens. Papers discussing the appli 
bear rae nd rile barrels have been p t 


er? j V 1 Bl Pure 


advisable ‘) Dproauese and determine ‘ 1) ‘ ’ 
minum. \ special turnaes has be ( 
his purpe in specially to eliminate the act 
of silicon and iror Bureau of Standards, W: 
on, D. ¢ Address S. W. Stratton, Director 
Bi-19 Color Grading of Cottonseed Oils. Specifie reco 
endations of color grading of cottonseed have bee 
ibmitted to the Society of Cotton Products Analysts b 


the Bureau of Standards. Codéperative work is being car 


Bureau of Standards, Washington, D. ¢ \ 


S. W. Stratton, Direetor 
B / Pump Valves. The 


operating rubber 


) 


ried 
adress 


Bureau of Stand: 


with two companies and ar 


Rubber Produets 


Materials 


aboratory representing a Committee or 
ol the 


Ameriean Society for Testing col 


using ‘ plasto 


ducting hardness tests on pump valves, 
meter and scleroscope to determine a standard speeificatior 
for hardness so that this property may b suitably relates 

pressure. Bureau of 
Address S. W. Stratton, Director 
B3-19 


investigation 


to temperature and Standards, 


Washington, D. C 
Rolling Stock and 


in Chilled-Lron C 
by 


lecessories Braking Stresses 
W heels. An 
Results obtained 
in wheels of different de 
fureau of Standards, Washington, D. C 


Stratton, Director. 


td 
ot stresses 


ar 


oceasioned braking. so far show a 


difference behavior of 
signs and weight. 


Address S. W. 


marked 


ENGINEERING 763 


4 


B1-19 Sugar Technology. A the 
problems ot clarification of sugar liquors by other means 
the 


Standards, 


Sugar preliminary study of 


D ae . { 
sureau ol 


used 
Ss. W 


how 


Address 


sugar-filtration 
Washington, 


than 


proce SSes 


I). ¢ Stratton 


Director 


D Ri SEARCH Ke PME> 


the 


Bure au ol 


Tunnel ot Bureau of Standards he 


the 


Wind 
ot 


pleted and investiga 


D4-19 


tunnel 


Lire 


ratt 


wind Standards has bee 


com 


tions have shown that in the working 


section of the flow at 75 miles per hour is the lines parallel 
to the channel axis. The velocity at any point was not 
more than 0.5 per cent trom the mea Air speeds of 150 
miles per hour have been attained Power for this speed 


Alterations just 
miles pel hour. 
\ddress S. W. 


s 60 hp. completed 


permit speeds of 180 


Bureau of Standards, Washington, D. ¢ 


Stratton, Director. 


|\pparatus and Instruments De } ( harps lr ipact Machine at 
the Watertown Arsenal The Charp impac machine 
consists of a pendulum of known w swingil re 
on an axis of suspension, the pendulum having the follow 
eons mts 


Heig ent Zz ( s 
Riad ! gravit 1.627 
(ng fall « gto Hl { HO deg 
LDistar X : @ 

1 id ct anne 

Radius nite S220) 

\ it . = e568 

Pheoret (PH 04.124 ’ 

ihe prim ple OL opel ) ( : ( Ss tl 

he kinetic energy of the pene LX | 
pecimen to be broken is struck by tl yen 
energy absorbed in breaking a given specimen Is dete 

vy substracting trom the knowr net energ 
enduium at the instant o ! ‘ netie ¢ ! ! 
nan. in the pendulum aiter tlhe specime! 

he residual energy atter e spec bro 
termined by measuring the angle throug! 
pendulum swings after striking the specime) 

wo types ol est can tk irries l ! t! 

init transverse and tensile tests \ PCI! 
end or an invil i Lhe ) } l Vil 
pendulum, and is struck mi het we he p of 
support. The specimen is 16 © ong and 3 «© 
\ slot is cut in the specimen on the opposite sid 
he point of impact so as to leave a section rea Y 
ruptured exactly 3 em. by 1.5 « 

\ tensil specimen can be made with 0o1 without ‘ 
but In any case the area of rupture is maintained U.2 
sq. in. so that direct comparisons can be drawn betweer 
the static tensile test and the impact tensile test he 
‘exeess angle,” or in other words the angle which enable 
the measuring of the residual energy of the pendulum, is 
measured by means ol a pointer ans dial xed to the axis 
ot suspension. 

From the observed readings ot the excess ole ' the 
time of rupture, and the above constants of the machine, 
the total amount of en rey absorbed mav be ecaleulated. 
taking into aceount the energy absorbed by mechanical 
friction and the resistance to the air 

The large Charpy machine (Fig. 1) differs from the 


small machine by having a motor fastened directly to the 


pendulum supports for raising the pendulum, and further 
more it is equipped with a ratchet brake so as to bring the 
pendulum quickly to rest after 
United States Arsenal, 


mandant. 


a specimen is ruptured 


Watertown, Mass., Address 


Com 


[pparatus and Instruments D7-19 Standard Cement Sample 


4-e for checking 200-mesh sieves has been prepared and 
is ready for distribution. 80.2 per cent passes this sieve. 








Obtainable in 160-gram samples at the Bureau of Standards 
Bureau 
Address S. W. Stratton, 


for 25 cents per sample, one sample for three tests. 
of Standards, Washington, D. C. 
Director. 
{pparatus and Instruments Ds-19 Picnometer. A new type of 
picnometer for the determination of density of viscous sub- 
stances. Viscous liquids such as molasses and oils owing 


This 


to their high viscosity retain innumerable air bubbles. 


fact makes accurate determination difficult. Bureau of 
Standards, Washington, D. C. Address S. W. Stratton, 
Director. 

Apparatus and Instruments [)09-19 Lime Investigations. A 


plasticimeter designed to determine the plasticity or spread 

















Fic. 1 CHArPY IMPpaAct-TESTING MACHINE AT 


ARSENAL 


THE WATERTOWN 


ing properties of lime has been developed by the Bureau of 
Standards. This simulates the action of the plasterer in 
spreading the material on the wall. Means are provided 
for obtaining the effort which the plasterer must exert and 
for varying at will the base upon which the plaster is 
spread, the time required, and the angle which the trowel 
makes with the surface. The force required to spread the 
plaster in conjunetion with the time during which this 
force acts gives the measure of the plasticity. 
Standards, Washington, D. C. Address S. W. 
Director. 
Apparatus and Instruments D10-19 


Bureau of 
Stratton, 


The Micrometer Microscope 
and Its Use in Gage Inspection. A communication from the 
Gage Section of the Bureau of Standards. Bureau of 
Standards, Washington, D. C. Address S. W. Stratton, 
Director. 


* MECHANICAL 





Tue JouRNAL 
(m Soc. M.E 


ENGINEERING 
Calorimetry, Pyrometry, Thermometry D1-19 Naphthalene and 
Benzoie Acid Samples. The Bureau of Standards has 
prepared new samples of naphthalene and benzoic acid to 
be distributed as standard heat samples, and the heats of 
Bureau of Standards, 
Address S. W. Stratton, Director of 


combustion have been determined. 
Washington, D. C. 
the Bureau. 
Metallurgy and Metallography D4-19 New Furnace Equipment. 
The Bureau of Standards has recently installed a Héroult 
type of electric smelting furnace of 600 lb. capacity. It 
has an electrically heated crucible furnace of 70 lb. capaci 
ty; also an oil-fired reverberatory furnace for cast iron 
and brass of 300 Ib. capacity. A new type of electrically 
heated muffle furnace for heat-treatment operation is being 
installed. A eleetrie 


Northrup-Ajax — high-frequeney 


furnace melting about 10 Ib. of iron has been installed 
It is used for the preparation of pure metal alloys in 
vacuo. The Bureau is equipped to roll and torge this 
metal. Bureau of Standards, Washington, D. \ddress 
S. W. Stratton, Direetor. 


K—RESEARCH PERSON NEI 


E 1-19 
Bureau of 


Thermometry 
Benzoic Acid Samples. The 
prepared new samples of naphthalene and benzoic acid to 


Naphthalene and 


Standards 


Calorimetry, Pyrometry, 


has 


be distributed as standard heat samples, and the heats of 
Standards, 


Director 


determined. Bureau ot 


Address S. W 
Enaineering Materials | 4 
Materials. Ihe 


a 5l-page cireular letter 


combustion have been 


Washington, D. C Stratton, 


Me har wa 


Standards has 


l’r iperties 


Prop 


erties of Bureau ot ssued 


giving the various properties of 


engineering materials such as iron, steel, non-ferrous 
metals, rubber, leather, rope and wood from latest ir 
formation. The properties include density, spe ravi 
ty, tensile and compressive strengths, elongation and reduc 


tion of area, modulus of elasticity, modulus of rupture 


Brinell and 


Washingtor 


shearing and transverse strength, duetility, 


scleroscope hardness. Bureau of Standards, 


D.C Address S. W. Stratton, Director. 
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Air F3-19 Pneumatic Conveying of Sand, Gravel, Cruslied Co 
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Properties of Engineering Materials 
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Search 2629. Address 


York. 


Correction to Paper on Present Condition of 
Research in the United States 


In preparing my Spring Meeting paper on The Present ( 
tion of Research in the United States and in reading the 
I failed to realize that I had made a misstatement in attribut 
the laboratories at Pittsburgh and Washington to the | 
States Geological Survey. [See MECHANICAL ENGINE! 
July 1919, p. 588.) These laboratories should be attribute: 
Bureau of Mines. In writing this paper and in reading 
did not notice this error, although the statement was not « 
misinformation or lack of knowledge on my part. 

ARTHUR M. GRreenr. 








ENGINEERING SURVEY 


A Review of Progress and Attainment in Mechanical Engineering and Related Fields, as Gathered 


from Current Technical Periodicals and Other Sources 


SUBJECTS OF THIS MONTH'S ABSTRACTS 
MONOPLANE VERSUS BIPLAN# RESIDUAL GaAs ND TEMPERATURE 0 \RRANGEME ew Eu ! ~ \ 
CORROSION OF WROUGHT MANGANES! WORKING FLt INTERNAL-COMBUS AND MOLECULI 
LRONZI AND ALUMINUM AND MAGN# rion E PENNSYLVANIA M f Com! 
_ SIUM ALLOYS AEROPLANE FU! MOTIVES 
| EFFECT OF PiME ON PHYSICAL PROPERTIE CYCLOHI [EA \EROPLANE FUEI Ice PLANT OF THE COLORADO Ice ¢ 
OF MEDIUM-CARBON STEE! . ‘ mR S ws 
' . - . ILECTER AE NE Fue! OPPER STEAM CONDE EI 
GRAPHITIZATION OF WHITE ¢ IRON : “te VAIL AMMON Co: wSe 
UPON ANNEALING PIN-RIVETE 10 Ati. nt IA ONDENSERS | 
CHART FOR FINDING VELOCITY OF WaTER Piston R ~sonrenee or COg MACHINES 
IN PIPES Ba Re » BR i *"HYSICAL PROPERTIES OF Cal I) | 
DOXFPORD OIL ENGIN? . . < t BEARIN Dror \ VES FOR STEAM I | 
| Aik VALVES For Iltcu- Rt ‘ 0 Kt = s ABSOLUTE MEASUREMEN 
| Eo N« L.A k P s ‘ SOUND 
AERONALTICS (See also Internal-Combustion Engi- CORROSION (See Engineering Materials) 
neering } ieee 
ENGINEERING MATERIALS 
Mone s B cE, Grover ¢ Loening \1 ri I 
. : > : — ‘ 
the monoplane by he inventor of the first monoplane boug Corrosion Phenomena in Non-Ferrous Material- 
the | ‘ States Government 
| : i‘ hy CT OF CORROSION ON WrRo H'l M LN( NES B } 
ere o ques ! i o the monoplane be yu ) > \ 
a pier ‘siLE Stress, P. D. Merica and R. W. Woodward. A: 
Ol mnachine nhavil iv one set of wings anc ler 
: igation to determine what service stresses may wit! é 
ghtest type, m tha he wing structure its 0 : . 
pplied to physically normal wrought brass anc 
rit can carry more ioad thal i biplane Lhe ore i ) 
. vs Ordinarily used tor structural purpose 
wever, [Wo serious delects l lacK OL strength, | 7 
: he ¢ irse ( i previous investigatio ) he 
wil LWisting and drilt stresses; and ~ “a bad I 
( uiures oO oOrass ans pror ‘ ) ') rie ? 
" | s¢ objectionable teatures are claimed , 
‘ spected that many eases of such failures ‘ ‘ 
nates the Loening biplane, which puts i rt : 
; ; yg clive material but to the fa | he | ad b é 
ality with, and perhaps makes it preferable to b 
. . ressed in service 
ain purposes 
, ! ivestigat) las show that brass rods x} ne 
lo maintain the strength against drift and rt \n mvestigation ha sade a 
; 2 trated « nD) ' ove ? = il ‘ 
the wing structure against twisting stresses, the monoplane on OF concentrated ammonium Nyaroxide al ayes . 
¢ is braced rigidly by large struts at a good angel : ne time to the very gradual applica ‘ ens re 
. . } | } 
j reak wit ttl iongation at an\ ‘ es OL the stress gre nar 
same way as the ove rhang section ot some biplanes = * hh € CONE SUS ua _ : .s 
\ e ‘} it , aterial “rom S it appears that the 
\s regards the bad range of vision in the Loening monoplane yield point of the material. From this it app 
' 
. ; {Tact - eo ne stress and surf: rrosion 1s f 
following structure has been adopted. Instead of raising th ect of combined tensile stre ind surface corrosi 
1] 
1 crease > stress at \ “nh "act ‘e Wil 0 ] 
above the body parasol fashion, the pilot is seated low—so use the stre it which fracture will oceu 
that his eyes are on a level with the wing—and the side ot Chis matter is of considerable importance. Brass and 
. : ' 1 nal ‘ hea 2 f ctopl PANE ot their sunnosed 
iselage is open on either side of him. In such a position the ually take the plac o! eel only because I he lr uppo ed 
or mm front shuts off the view forward, but in the Loening iperior resistance to corrosion, and } were pro = = Ich 
. ‘rior resistance 1s t as grei as hitherto ass ed, i¢ S 
oplane the body is so narrow in front that the pilot by shifting iperior resistance is not as great a herto assumed, tl 
t') SS { ‘ ) for structural purposes wouk 
head a little can see ahead of him on either sic ulness of brass and bronz . Sere perpes 
he author frankly recognizes this as a trick of construction, ery largely limited. 
states that it had much to do with giving this particular [he paper deseribes in some detail the method of carrying out 


ol monoplane the range of vision which it has been found to 
\erodynamically, it is claimed that the centers of thrust 


, Weight, 
resistance, etc., have actually by test been found to be every 
is good in the monoplane as in the biplane. The only distine 

is that the center of thrust on the monoplane is but a small 
distanee below the wing, and the action of the spiral slip stream 
of the propeller in washing itself out against the wing results in 
alizing the torque of the motor. Thus no correction whatso- 
( s made in the wing alignment for the torque and the motor 
thrown and off without affecting to 


the balanee and stability of the machine. 


by on any noticeable 


rther, on the monoplane a very large and definite area of th 


W rides in the slip stream of the propeller under a most efficient 
condition. The proportional increase in lift so derived is con 
8] ble. Actual test has shown that the monoplane with a load 
ol or 12 lb. per sq. ft. will be as buoyant and land as well as 
the biplane with a load of about 71% Ib. 

In faet, the author looks forward to the possibility of havmg 
‘arge monoplanes with a 20- or 25-ft. chord carrying 18 or 19 Ib. 
per sq. ft. at a low speed. (U. S. Air Service, vol. no. I, 


1919, pp. 25-27, tc) 
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the tests and making the measurements. The period of exposure 
the 
periods tor which such materials may actually be used in service 
Furthermore, the test 


anneal 


was two years, which is relatively short in comparison with 


used 
the 
their behavior may differ during test from that of brass in wh 
thors 


fFiven 


bars were given a low tem pr ratur 


in order to relieve initial stresses and consequent 


the stresses still remain. Therefore, as pointed out by the au 


} 
} 
Ails 


themselves, any conclusions to be derived from the resi 
in the paper must be regarded as quite restricted in their definite 


application and as more or less tentative in their more general 


aspects. 


The general conclusion seems to be that brass or bronze might 


not be subjected to corrosion (in ammonium hydroxide while 


under a tensile stress greater than 20,000 Ib. per sq. in. or greater 


than 5000 Ib. per sq. in. above the yield point without danger of 


failure. 
to he 


The authors’ tests indicate that the proportional limit 


regarded as the maximum safe stress for manganese bronze of 
harder tempers, but that it is not certain that this limit may not be 
slightly exeeeded in materials which are soft, that is, free from 


work hardness. (Paper presented at the Annual Meeting of the 


American Society for Testing Materials, June 24-27, 1919. Com 
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pare American Machinist, vol. 51, no. 5, July 31, 1919, pp. 
217-220, ep) 

MECHANICAL PROPERTIES AND RESISTANCE TO CORROSION OF 


Routtep Light ALLOYS OF ALUMINUM AND MAGNESIUM WITH 
Copper, NICKEL AND MANGANESE, P. D. Merica, KR. G. Walten- 
berg and J. R. Freeman. The paper is summarized by the authors 
as follows: 

Light aluminum alloys of several compositions belonging to 
each of the three ternary series, aluminum-magnesium-copper, 
aluminum - magnesium - manganese, and aluminum - magnesium- 
nickel, were rolled out into sheets and tested in tension as cold- 
rolled, after annealing, and after heat treatment consisting of 
quenching from about 500 deg. cent. and aging at ordinary tem- 
perature. 

The tensile properties of the alloys of the aluminum-magnesium- 
copper series were superior in all conditions to those of the other 
series. They may be much improved by an appropriate heat treat- 
The alloys of the aluminum-magnesium-nickel series are 
also improved by heat treatment, but not in the same degree as 
the former series. 


ment. 


The alloys of the aluminum-magnesium-man- 
ganese series are not improved by heat treatment. 

Samples of representative compositions of each series were 
exposed to corrosion in the salt-spray test, and the appearance of 
the samples observed after exposure to the action of the » It spray 
for one and for two months. The alloys of the aluminum-mag- 
resisted reneral, better 
than those of the other series, and this observation agrees with 
other experience in the corrosion of such alloys. 


nesium-manganese series corrosion, in 
The heat-treated 
specimens of the aluminum-magnesium-copper series, however, 
were but little inferior to those of the manganese series in their 
resistance to corrosion; the annealed and the cold-rolled samples 
of that series were the least resistant to corrosion of any of the 
alloys tested. Hard-rolled commercial aluminum corroded much 
Annealed aluminum was more 
resistant to corrosion than the hard-rolled aluminum, but did not 
compare favorably with most of the alloys. (Bulletin of the 
American Institute of Mining and Metallurgical Engineers, no. 
151, July 1919, pp. 1051-1062, e) 


more than any of the alloys. 


Variation of Physical Properties of Test Pieces with Age 
After Machining 


Errect or Time and Low TEMPERATURE ON PHYSICAL PRop- 
ERTIES OF Mepium-CarBon STEEL, G. A. Reimhardt and H. L. 
Cutler. Data based on the experience of the Youngstown Sheet 
and Tube Company in making acceptance tests of medium-carbon 
steel. 

This company produced a large tonnage of 0.35 to 0.45 carbon 
forging steel, the acceptance of which was based on the physical 
properties of test specimens obtained by forging the original 
5.75-in. square bloom to 0.75-in. round. No difficulty was experi- 
enced in meeting the specifications called for. 

Soon after, production of slightly higher-carbon forging steel 
was started. The method of testing this material required that 
test blooms be either normalized or annealed. The normalizing 
consisted in heating to 850 to 900 deg. cent. and cooling in still 
air; the annealing in heating to the same temperatures and cooling 
in the furnace or mica. From the treated bloom the test pieces 
were taken either by core drilling or by sawing from joints mid- 
way between the edges and the intersection of the diagonals. The 
cores or blocks were turned to a standard 2-in. test piece with a 
diameter of 0.564 in. and tested without further treatment. 

Difficulty was encountered as soon as work on this material 
was started. Many precautions and refinements were instituted, 
but it was found very difficult to seeure the required elongation. 
Stili a very good chemical analysis was produced. Great eare 
was taken during the heating and rolling as well as in heat- 
treating and machining the test pieces, but none of these precau- 
tions helped in producing uniform results, although oceasionally 
the results were very good. 

A careful examination disclosed the fact that invariably these 
good results were obtained from test pieces that had been ma- 
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chined the day before they were tested. The experience of several 
other men in and out of the company showed the similar behavior 
of rail-steel test pieces. As a result, it was decided to rest al) 
pieces over night and test them the following day. As soon as this 
practice was adopted the difficulty in heating the elongation re- 
quirement of the specification disappeared. 

Since it was at times undesirable to hold a shipment long 
enough to afford a 24-hr. rest for the test pieces, experiments 
were made, and it was found that a rest of a few hours at about 
120 deg. cent. was equal to a 24-hr. rest at room temperature. 

A series of tests were also made to determine the cause for the 
great difference in elongation and reduction of area shown by test 
pieces which had or had not periods of rest. The cause of this 
was not found, but some interesting data were collected. 

This series of tests showed that a slight increase in temperature 
during the rest period resulted in a great improvement of elonga- 
tion and reduction of area. The increase in tensile strength was 
considerable and greater in the case of a two-day rest than in the 
case of a four-day rest. 

Tests were also made to determine the effect of speed ot ma 
chining on the physical properties of a test piece and it was found 
that the rate of machining has practically no influence. 

A further series of tests on 16 cores showed that the elongation 
inereased with increased length of rest at the temperature ol the 
top of the furnace. <A rest of 16 days at room temperature in 
creased the elongation and reduction of area to about the sam 
extent as a rest of 25 hours on the eleetric furnace. On the othe 
hand, test pleces heated to 500 and 600 deg. cent. after rests of 
four and 16 days, respectively, tested immediately after making 
it, gave lower elongation and reduction-of-area values than pieces 
that had been rested at lower temperatures. 
this is offered. On the whole, the writers conclu- 
sion that the ductility of steel expressed by elongation is great], 


No explanation for 


come to the 


improved by some equilibrium adjustment which takes place slow 
ly at room temperature and much more rapidly 


at slightly in 
creased temperature. 


It seems possible that the difference in the 
results obtained on tests taken from blooms and on tests taker 
from small billets may be due to a combination of solidifieation¢ 
and rolling strains. (Bulletin of the Vii 
ing and Metallurgical No. 109) 


LOOS., ) 


Institute of 


1919, 


American 
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Graphitization Ranges of Temperature in White Cast Lron 


WHITE C 
Gurevich. 


GRAPHITIZATION OF ist IRON 
D. Meriea and L. J. This was main! 
undertaken in connection with other investigations on the prop 
erties and characteristics of chilled-iron car wheels, in particula 
to determine the best range of annealing temperatures. 

Chilled-iron wheels are east with a chill against the thread ar 
the inside of the flange, the remainder being in sand. The co! 
position of the metal is so chosen that under these conditions t 
tread and inside of the flange will show white iron to a depth 
from °% to 7% in. 


UPON ANNEALING, P 


investigation 


(15 to 22 mm.), the remainder of 
becoming graphitized or gray. 


the wh« 
In order to relieve the stress 
set up during cooling under such drastic conditions, the whee 
are stripped from the mold, while still red hot, piled in a soakir 
pit, and allowed to cool very slowly from their temperatur: 
stripping. 

Obviously, the most suitable temperature for this annealing 
the highest at which no formation of graphite occurs within 
white tread and at which the wheels can be stripped from 
molds. Inasmuch as no direct determinations have been mad 
the temperature at which the formation of graphite takes p 
in white iron of compositions used in car wheels upon anneali! 
it was considered worth while to determine these temperatu: 
as a means of establishing the maximum temperatures at w! 
the annealing of the wheels may be earried out. In the cou! 
of this work some incidental observations were made which ar 
interest in connection with the theory of graphitization in w! 
iron. 

The paper is summarized by the authors as follows: 

The annealing or graphitization ranges of temperatures wer" 
determined for three different compositions used for ear whee! 











SEPTEMBER 
The temperature of initial precipitation of temper carbon for s 


hours of annealing was not noticeably affected by vari 


x 
ation ol 
sulphur content from 0.10 to 0.20 per cent or by variation of total 
earbon content trom 3.60 to 3.90 per cent, although the effect of 
greater carbon content is to narrow the temperature range within 
which graphitization is complete. 


The temperature of beginning precipitation of temper carbon 
was about 830 deg. for the 6-hr period of annealing, about 
730 deg. cent. for the 48-hr. period. The maximm vable 
temperature, therefore, for the annealing, or “ pitting,” of car 
wheels is about 730 deg. cent. 

Atter complet decomposition ot all free cemer in 
nealing at from 1000 deg. to 1100 deg. cent. and coolir t equal 
rates in a laboratory electric furnace, less graphite i 








C. Warington Anthony. Reprint of 
article and accompanying illustration 
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HYDRAULIC ENGINEERING 


HEXAGONAL CHART FOR FINDING VELOCITY OF WATE! 


a brief but highly sug 


Exponential formule are very much used nowadays in hydraulie 
problems dealing with the flow of water in pipes and sewers. 
Many charts or diagrams have been drawn to represent each 
formula, some taking a variable coefficient into account, which 
depends on the nature of the inner surtace ot the eonduit, but 
the writer has never seen one made that does equally well for all 
the exponential formule. For s reason I have designed a 
hexagonal chart (Fig. J that takes care of six variablk quanti- 
ties—the velocity of flow, coefficient of roughness, hydraulic mean 























Fic. 1 


HEXAGONAL DIAGRAM FOR 


specimen cooled from 1100 deg. than in one of the same composi- 
tion cooled from 1000 deg. cent. 
separates directly from solid 
nuclei are already present. 


This indicates that graphite 
solution upon cooling, when its 

The fact that only 0.20 per cent of combined carbon was found 
in some specimens after annealing at high and 
cooling slowly in the furnace, would indicate either that the 
graphite eutectoid lies at much lower values of carbon content 
than has been previously supposed, that there is at those rates of 
cooling a direct precipitation of graphite eutectoid, or that there 
is a formation of graphite from pearlite at temperatures directly 
below that of its formation. (Bulletin of the American Institute 
of Mining and Metallurgical Engineers, no. 151, July 1919, pp. 
1063-1072, e) 


temperatures 








FINDING 





VELocITY OF WATER IN PIPES 


radius and slope, together with the powers to which these last 


two quantities are raised—and yet in spite of all this apparent 
complexity this chart is as easy to handle as a chart made for 
working out only one kind of exponential formula. Evidently 
a chart of his description will prove of great value, since it may 
be used for rapidly computing and comparing results obtained 
for a given case by applying different formule. It may also be 
used to deduce the best equation to fit in with the results of ex- 
periments that have actually been carried out. 

The exponential formula is usually written: V = C (D/4)®S4, 
or V = CRPS4, since the hydraulic mean radius of a pipe flowing 
full is the fourth part of its diameter. There will be seen to be 
three binary scales in the chart, arranged in the form of an 


equilateral triangle. The coefficient and velocity go together on 
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one scale, and the diameter and slope, together with their re- 
spective powers, on the other two seales. The way the diagram is 
used is illustrated with dotted lines for the following case: 

Diameter, 1 ft.; slope, 0.0025; coefficient, 100, p= q = ‘2. 
The velocity is seen to be 21% ft. per sec. 

When using the chart it is convenient to have a hexagonal trans- 
parent index, as shown in the upper right-hand corner of the 
illustration, with its sides parallel to the three index lines. By 
placing a straight edge against one side, the index lines may be 
moved without changing their orientation or displacing the one 
parallel to the straight edge. 

The great beauty of the chart les in the fact that it does not 
contain a single curve, which makes it much easier to draw and at 
the same time a high degree of accuracy is insured. This is at- 
tained by employing logarithmic instead of equally spaced co- 
ordinates. (Engineering News-Record, vol. 83, no. 4, July 24, 
1919, p. 169, tpA) 


INTERNAL COMBUSTION 


Machine Elements) 


ENGINEERING (See also 


Novel Features in Oil-Engine Design 


THe Doxrorp Om ENGINE. Description of an internal-com 
bustion engine of British construction. The engine was first built 
as a Diesel but has now been changed to a hot-surface type with 
solid injection of fuel. 

As regards the latter the present arrangement is that three 
rams are used, the fuel pump being driven through small cranks 
on the camshaft set at 120 deg. so that the work may be divided 
over the revolution and eliminate the very heavy shock which 
would occur if but one ram were used. These rams force the oil 
into two small air vessels initially charged with air at a pressure 
of 1000 lb, per sq. in., the ram pressure being 8000 Ib. per sq. in. 

The pumps are said to be a very beautiful piece of work; so 
good, indeed, is the fit that no packing is required even at this 
enormous pressure, the leakage representing little more than an 
overflow of lubricant. This end has been reached by a departure 
from the ordinary method of driving the fuel pump. In the 
Doxtord machine there is used a slotted crosshead with the sliding 
block for the driving pin to work in, the crosshead being carried 
in very closely fitting guides at each side. The plunger is con 
nected to the crosshead with an ordinary union nut, so that 
provided the center lines are parallel, which of course can be 
insured, any want of exact concentricity may be allowed for, and 
the thrust of the ram must be absolutely axial. 

The fuel valves present a new feature in that they have only a 
light spring to keep them on their faces when the engine is not 
running. The size of a spring strong enough to keep them closed 
against an oil pressure of 8000 Ib. per sq. in. when working would 
be on the heavy side, but if 8000 lb. will blow the valves off their 
faces it will equally well keep them on, if applied to a larger 
diameter and that is, in fact, the plan adopted again with un- 
packed plungers. 

The elimination of the blast air foreed the use of a different 
arrangement of valves. Formerly the fuel was blown in by air 
tangentially on opposite sides of the cylinder so as to create a 
turbulence. With the solid jet of fuel no turbulence ean be ob- 
tained, so that the fuel must be diffused as much as possible, and 
the valves are now arranged opposite to each other, but one above 
the other so as to cover as large a volume of air as possible. 

One of the peculiar features of the engine is the fact that in- 
stead of attempting to keep the piston as cool as possible in this 
case every effort is made to allow the crown to reach a temperature 
of not less than 1000 deg. fahr., and it is the piston crown which 
forms the hot surface which really fires the charge with heavy oils. 
Such a high temperature is rendered possible by the special design 
of the piston, Fig. 2. Here C is the heatable cap which keeps the 
fire off D, the piston proper. C is a steel forging, of which the 
crown is some 4 in. thick and is water-jacketed on the under side. 
Thermocouples attached to a point a few millimeters inside the 
top surface showed a temperature reading of about 950 deg. fahr. 
at the load on which the engine was running on the oecasion of 
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the writer’s visit, and a temperature of only 350 deg. fahr. at a 
corresponding point on the bottom surface. It will be noticed 
that the cap C only comes into contact with the actual piston B 
at the bottom where everything is well cooled, and that there is 
a good clearance at the and top and between the 
cylinder liner and the edge of the forging, so that it ean expand 
or distort to a very considerable extent without doing any harm. 


sides also 


The water passages J) are ribbed at close intervals, the alternate 
ribs having holes at the top and bottom so that the water has to 
take a very devious course and keeps the east iron cool, the final 
outlet being from the passage FE, which, as a matter of fact, 1s 
carried up by a tube to just under the crown and not cut off short 
as shown in the figure. 

The engine has been running for several montlis and is said to 


completely consume Mexican oil with its very high pereentage of 
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asphaltum, and to give an absolutely clean exhaust 
sumption is said to be 0.42 lb. per b.hp-hr. 


The elimination of the high-pressure air compressor tor blast 
injection means, of course, a saving both in fuel and first cost, 
weight and maintenance. (The Engineer, vol. 128, no. 3316, July 


18, 1919, pp. 64-65, 2 figs., d) 


Temperature Relations in an Internal-Combustion Engine 
Due to Presence of Residual Gases 


THe Errect or NEUTRAL GASES ON THE TEMPERATURE 01} 
WorKING FLUIp IN AN INTERNAL-COMBUSTION 
Takemura. Diseussion of a subject which attracted a considerable 
umount of attention in the early days of the introduction of the 
Otto eyele. 


rHeE 


ENGINE, Kango 


The writer believes that the neutral gases left 
at the end of the previous stroke have a considerable influence on 
the temperature of 
mathematical estimate of the rise of temperature which they effect. 
He uses the following notation: 


n the evlinder 


the new combustible charge, and gives a 


Let 6, = temperature of the neutral gases left in the combustion 

chamber 

c, = specific heat of those gases 

w, = weight of the gases 

6, = temperature of a new charge, supposed to be constant 
and equal to that of the atmosphere 

c, = specific heat of the charge 

w, = weight of the charge 


6, = temperature of the working fluid or the mixture of the 
neutral gas and the new charge 
c, = specific heat of the fluid. 
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An assumption is made that the new charge is drawn through 


the neutral or residual gases and that a temperature equilibrium 


is established instantaneously. 


he writer derrves the following equation 


9 + 273 


9, + 273 4 


absolute degrees and the ies ol 


where ©, is temperature ir 
6 and 6 
portion ol 


are in cent. deg; also .a 


the stroke and L 


stands for x/L, where x is a 
is the full length of the stroke; .l 


4 f 7 4 
. \ 
\ 
\ 4, aj a * 07 
ay 
ee 
4 . how 
d at - 
=x \ ) 


AND WorKING FLUIp IN N 


TEMPERATURE OF 
INTERNAL-COMRUSTION 1 


RELATION BEIWEEN THI 


is the height of a 
a base equal to the area of the pistor he value 


stands for 1/L. where ‘equivalent « bustior 


chamber” on 
ot ./ depends on the ratio of compression and 1s equal to 0 , 1 


he latter is taken at 5 


Adopting these figures the writer obtains 
D @ + 273 S00 973 
AY 
D §. + 273 16 + 273 
Soo lb 267 « 4 


§ 


I) 4+ 170.9 


1+ 10.7 X(.a 
ere ID) 


neutral gases at the moment when the 


density of the 


xing with the new charge begins and J). is the density of the 
\ charge 
rABLE 1 
“ ; 
0 ne . 


he values ol § calculated by means ol the toregoing equation 
: | 


given in Table 1 and shown graphically in Fig. 3. (Journal 


the Societu of Mechanical Engineers, Tokvo, Japan, vol. 22, 


D6, tm) 


War-Time Research in Aeroplane Feuls 


HE INVESTIGATION OF AIRPLANE FueLs, EK. W. Dean and 
Clarence Netzen. Data of recent work carried out chiefly by the 
United States Bureau of Mimes and of considerable importance 
hot only in aviation but in 


apparatus. 


the general design of automotive 
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In the course of this work EE. R. Hewitt showed that such fuels 


as benzol and alcohol did not ignite until heated several hundred 


degrees fahrenheit hotter than the ignition temperature of paraffin 


hvdroearbons. These data were ot wus¢ nm indicating the order 


of ease with which various fuel mixtures could be made to pre 


iwnite in engine cylinders 
research organization maintained 


Simultaneously with this th 


hy the Dayton Metal Products Con pany studied the relation be 


tween the nature of the fuel and the maximum compression ratio 
that could be maintained in an « ne without unterteri with 
smoot operator Data ot his investigation have been pub 
lished quite fully elsewhere he experiments of the Daytor 
laboratory have vn. howeve | he chem DD ‘ ) 
the tuels were more importa } hey ‘ ye , ' 
tore a large number of Tueis were collected and tested, 
in extensive researc! ‘ ( or | ‘ ( 
heNane 

Att on to ti 
| the (rermal were rr 
\c lait thoug! here does ne ‘ , 
! vas the tlaet 

Phe rigrine t l ested ( I ( 

= not pure evelo ( re 1) ture ¢ ‘ rhe nt 
Do dot tron id to SU per eent elonevane nie a) Tf 4) t 
a? tye? 


crankease, shatt ane vwhee Col 


Mare! L919, p 249) \ set of pistons wa ont ret ch 


rave compression ratios ranging from 5.3 to 1 to 8.2 t Dry 
ires measured with an Edelmar e. with the er ‘ 
100 r. p. m., varied from 113 to 185 Ib. per sq. it 

\ considerable 1 miber if vere Pst ec ‘ ny 

t ! ine resuits obptLall ad show thy seoolineg ‘ oO 
param vdrocarbons had a marked tendens Le ryan t the 2 
to-1 compression ratio, whereas hecter-le ‘ eoho) a _ i] 
ileohol-benzol-gasoline mixture known as Tavlon 1“ Ny ’ 
howed only a slight tenden« wk under an 8.2 om 
pDresslol ratlo 

( racked wasoline and Cathitor rasoines were ) 
resistances lo kno« King, and were otably better 1 +} respeet 
than the paraiiin-base products his superiority s attmbuted 
to the presence of unsaturated and evelhe hvdroearbons the 
racKkes ‘ stillates ane te eve ‘ | droearbons ir thy ( fornia 
2aSOnT ly some oO These ( howevel indesirabl properties 

© Dee round, and as a sta sis the ost promising produe 

s tound to be hectel \ { ml isoline or " ( 
venzol mixtures as a second chores 

Supplementary ests were carries if o is dard Libert 

ne with a full set of 12 speeial pistons permitting the adjust 
ment to 70 per cent evelohexane and 30 per cent of benzol in 1 
DeHaviland-4 plane The results of these tests. however. wert 
infavorabl 

The next series of tests were tried with the same piston on 
another Liberty engine, also in a DeHaviland plan From the 
figures given in the paper it does not appear quite clear what 


the composition of the fuel WAS Il this series of tests, the esults 
of which were, however. favorable, the engine operating smoothl 


and yielding the additional power that was to have been expected 


on aceount of its high compression ratio Similar tests in the 
altitude chamber of the Bureau of Standards also gave favorabl 


results. 

The comparative data obtained with the single-cylinder Liberty 
engine indicate where by proper selection of fuel it 1s possible 
to employ considerably higher compression ratios than the maxi 
mum now considered practical for aviation engines 

The establishment of this part is considered of importance, even 
if it proves that a 7.2-to-1 ratio is too high, and that heeter is not 
as practicable or desirable as other mixed types of fuels. (Paper 
hefore the Society of Automotive Engineers, published by per- 
the Director of the United States Bureau of Mines. 
Journal of the Society of 2 


Enain ers, vol. 5. no = 
pp. 126-130. ea) 


mission of 


lutomotive 
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MACHINE ELEMENTS 


Tests ON PIN-Riverep Joints MAbE BY THE SCHUCH PROCESS 
(Zeitschrift des June 14, 1919). 
This article describes tests performed on riveted joints made with 
pin rivets according to a new proeess (German Patent No. 302,- 


Vereines deutscher Inqenieure, 


269). The advantages of the new system of riveting are claimed 
to be: (1) Cheaper cost of rivets; (2) the rivets are more evenly 
heated; (3) the hammer seale is removed when the rivets are 


snapped home. The result is that the rivet heads do not loosen and 


ealking is no longer necessary, thus showing a considerable saving 


in wages and tools, also time taken on the operation. The new 
form of rivet is shown in Fig. 4. 
The firm Schuech & Co., who hold the patent rights, have 


Fig. 4 Scucen Pin Rivet 


designed a work-controlling apparatus for hydraulic riveting 


machines for use in connection with the new process. This device 
records automatically the riveting foree and the time taken in 
snapping a rivet. 

A riveted joint made as shown in Fig. 5 was sent for test to 
the Material Test Laboratory of the Stuttgart Technical College, 
and the following are the conclusions arrived at: 

1 The rivet heads were only very slightly warped 

The plates suffered slight curvature or bulging 

The plates do not show any appreciable crushing at the marg- 

ings of the holes. 

4 The stresses with which the rivets press the plates together 
were found to be about the same as with ordinary rivets. 


W bo 


Numerous locomotive boilers have been riveted on the new 
«35> aie 
bay «a I I 
faced i z 
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The outer ring 
with three differen 


resembles an ordinary gray-iron piston ring, 


es, however. First, as the ring is not required 
to exert pressure of itself it may be made of the softest gray iron 
obtainable; second, for the same reason, the outer diameter is 
ground to the same size as the eylinder instead of 14 to %@ in, 
and third, the inside of 
the ring is not parallel with the outer surface but is bored taper 


or at an angle ot 


larger, as in the case of the snap ring; 


15 deg., so that the ring has one thick edge and 


one thin edge. 
The inner ring is of tempered steel and is of a seetion eom- 
plementary to the outer one, that is, its tapered or beveled surfaee 


is on the inside and when the steel ring is pushed into the gray- 
iron one its tension not only holds the latter against 


walls, 


the evlinder 
but also by reason of the two beveled surtaces coming 


to- 





Two-Parr Piston Rine 


vether the iron ring 1s pressed against one side ot the 


rroove and 
the steel one against the other side, forming a sort of 
adjustment for maintaining the width. 

The article deseribes in detail the method of 
these rings and the tools used. 


automatie 


manufacture of 
Of particular interest is a machine 
especially designed for polishing the outer surface of the ring. As 
this surface is not parallel to the bore and consequently not square 
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system and have given satisfaction. (Technical Supplement to 
the Review of the Foreign Press, vol. 4, no. 2, July 22, 1919, p. 
45, no. 5643, d) 


Two-Part Piston Rina, Ellsworth Sheldon. 


Description of a 
piston ring 


manufactured by the Yale Piston Ring Company. 
as shown in Fig. 6 is made in two parts: the outer 
part of soft gray iron performing the usual function of piston 
rings; and an inner ring of tempered steel which furnishes the 
tension necessary to hold the outer part in contact with the 
cylinder walls and also serves to keep the ring in contact with 
the sides of its groove in the piston, thus preventing the leakage 
of gas past the piston that would oceur with the ordinary form of 
ring as soon as the latter had worn or if it was badly fitted to the 
groove in the first place. It is also claimed that with this construe- 
tion worn rings may be reground on their edges, the grooves faced, 
and the ring still retain its seal. 


rhe ring 


PIN-RIVETED 





=) 
7 
A 
oo 
Y 


JOINT 


with the ground edges, and further as the ring being sprung open 
is not round, the job of polishing the outer surface is by no means 
simple, especially as it is necessary to maintain the bevel at 


a con 
stant angle to keep the surface flat widthwise and to avoid grind 


ing hollow spots in the contour of the ring. 

In this machine a cireular table somewhat larger in diameter 
than the largest ring to be polished is provided for each wheel, 
the table being supported on the upper end of a rod, which, when 
the machine is in operation, is given a slowly reciprocating endwis 
movement in a direction parallel to the axle wheel so that what 
ever work is held upon the table in contact with the wheel is auto 
matically passed back and forth across the face of the latter. It 
is stated that by this means the tendency to wear grooves in the 
surface of the work is obviated. 

As the ring is not round, owing to its having been sprung open 
to give it initial tension, it cannot be rigidly held to the wheel and 
the operation is therefore somewhat dependent upon the skill of 
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the operator to avold grinding hollow Spots on the rey nery 
the ring, but the men soon become experts in this wor 
can Mae j i. vol Xl, me 5. July SI, LOLO, 1} 199-202 
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Bb io t 3 Fi Cap J Lb SwWwial lt \ 
obtained trom the records of the Technical Depart 
Produet ol british and dealing with the consicde 
behavior ot ba ind roller Dearings whe Dbiecte 
bhOouas 

When a bh: or roller bearing s rotating as a 
‘ \ 1 Ss ov re ¢ centel e corm 0 
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ul 
‘ LOcat CM or Baur BR i” 
s thoug! that the eages 1 he ba el 
reless races were tried, with the result that the b vere 
h flat belts around then 
\ t was ! note na he 1) < \ 
ns ol \ il Vis educes hat he vi l \ ty 
Tact it the ball vere subreet to ar Fi 
ch made hem abrade each other, al \ ( } 
‘ ice Was To rhened the raee hee ine Spec ‘ rover 
pearer to be especialls oOo, as the load ft nor 
ild have been quite low tor a bearing of the s ised 


It appeared that as the bearing rotated about the crank 
Py . 


halls. in the ease ot a cageless bearing. were cerowder 


n centers at about 2500 r.p.m. and the pomts that touche 


aif rable. 


Vhen a eage of the steel-plate type was used ; pridial 


ried. This combined load was acting in line with the 
lus but away from the erank center and caused a di 
t of the eage in that direction until a point was reache 


the bearing load on the balls nearest the erank center div 





the center of rotation by a centrifugal foree acting o1 
rubbed against one another, the balls remote trom the 
center being pressed together by the combined « 

ree of the other balls As the balls were rotatn ou 


place. The eage was subjected to its own centrifugal 


ving in opposite directions, the abrasive action was very 


also to the eumulative centrifugal load of the balls whi 
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Design of Ball and Roller Bearings Subject to Centrifugal 


wiel 
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eage wedging between then ‘ j 0 ‘ vad 
the cage and this caused a hea i) - ‘ ) ye ( e& Dalis 
and the cage at he point OL appheation ot thes ‘ md on the 
race, producing a tendency tor ep sto st ‘ ! t! 
point and causing in a sho el ! ‘ he bh 
races and Cart 
The foregoing experience indicated that the inction of the 
eave was to earry independent he rubbing load on ¢ nh if 
cue » the centr il fore ) 
. A ) 
A : io x / 
Bi "> ined ~~ \ 
e 
F ‘| — 
§ Es | 2 
> 
] 
: L\, 
_— wy | _ <<. 
l ‘ ‘ ( he 
He’ ¢ ] ) I 
a hall ha distor 
, Sulheel pear Sur lee ? ‘ 
Oca n ot the cage to car ‘ f igi 
oad due to the cage sell anc 
; Ample bearing surtace mu | yore en ! 
and he cage 1 prevent wear ¢ ne ¢ 
1 The cage must be mad me vhic mu 
ibrasive action with the é ) ly ‘ 
same time has sufficier etre? } 
y \ll surtaces 1 st ru ous r ther 
\ cage was devised, Fig. 7, which wou ) rite wated 
(a could mot be displaces ! i I ! ol I 
ch by the centritugal ou | ale p 
a plane at right angles to th of the bear igoted 
together: eight hemispheric: holes were 1 e with 0.010 Hn 
clearance for the balls hie itside ecireu ere! irned 
dow! na flat V to avoid the ‘ Da pat ao either 
’ he \ Wiis Levi nad ‘ lc ie ‘ aena ? ) ) t) 
wiele he outsice ‘ meter p ‘ \ ‘ 
ier Dall race whic Tt \ ( i} Sur ! 
on either side of the ball path and a clearance between the cag 
and the evlindrieal part t the outer ace was 0.005 np hd, 
The material of the cage was cast phosphor bronze 
Fig. 8 shows a similar type ot eage, except that it wa ul 
tor a railway bearing With this cage a ras engi Wil ru 


speeds above 1800 r.p.m. for considerable periods and 1 sions 
it wear could be detected In general, it would seem that at speed 
above 1600 r.p.m. and with a radius of rotation above 2 ! 
eageless bearings will not run satisfactorily if the balls or rollers 

? - 4 , 
are larger than 34 i n diameter and the inner race irger than 

in. in diameter. 

As regards the design of the located cage, the prir val pont 


} 


hesides making the eage of ample strength is to avoid anv chance 


i 


of the location ol the cage being provided hy the halls or rollers 


+] } L2 x 
hemseives, as this would cause the heavy abrasive loads whiel 


quickly ruin this type of bearing 


In addition to the 


above an appendix iS attached giving some 


particulars of the big end roller and ball beari rs which have beer 


found both suecessful and unsueecessful in practic \lso, a gen 


eral method is given 


; 
| 


or finding the abrasive loads on the balls i 


an uneaged bearing subject to rotation about an external center 


In the ease of a eaged bearing a method is given whereby the 











pressure load on the cage bearing surface may be found for a 
located cage design. A method is also given by which the total 
bearing load due to the cage itself and the cumulative loads from 
the rollers or balls may be estimated when the bearing as a whole 
rotates about a center without its axis. 

In considering the constant comparison tor the various bear- 
ings, since the wear on the bearing appears to depend almost en- 
tirely or. the abrasion of the roller, an attempt has been made to 
find a constant for any bearing which will incorporate the factors 
controlling the roller abrasion. 

The roller abrasion depends, it would appear from observation, 
on three factors: the pressure between adjacent rollers, the 
rubbing speed between these rollers, and the length of the line ot 
contact. For this reason the constant K has been chosen equal 
to the produet of the first two items divided by the last—that is: 
K inter-roller pressure inter-roller rubbing speed, length ot 
rollers, the pressure being in |lb., the rubbing speed in ft. per see., 
and the roller length in inches. 

From this it will be at onee obvious that the ball bearing, hav 
ing only point contact between the balls, is at the outset at a very 
great disadvantage if used without a cage. 

Ball bearings should not be used for a bearing rotating about 
an external center unless an efficient form of located cage 1s 
provided. 

Krom = the article for the 


tabulated in the original 


bearings it will be 


results 


uncaged roller seen that for an indefinite 


endurance the value of A should not be more than 1000, 
If the line ot 
before replacement, values of A as high as 1500 may be used; !n 


the bearing may be limited to about 50 hours 


general this value should not be exceeded. 


In regard to the eaged bearings, the constant otf Comparison 


Ke is equal to the rubbing speed of the cage multiplied by the 


bearing pressure on the cage. It will be seen that the value of A 
may indefinite life be safely more than 2500, 
though this figure should serve as a good guide to designers. (The 


128, July 1919, pp. 200-204, 10 


for a bearing ot 
Automobile Engineer, vol. 9, no. 
figs., ptA) 


MUNITIONS AND MILITARY ENGINEERING 


CHARACTERISTICS OF RIFLE-BARREL STEEL. Abstract of an ad 
vance publication of two papers to be presented at the September 
Chicago meeting of the American Institute of Mining and Metal 
lurgical Engineers. 

One of these papers, by G. F. Butterworth, of the U.S. Armory, 
Springtield, Mass., deals with the Metallography of Ritle Barrel 
Steel; the other, on Erosion Tests of Rifle Barrels, is by A. E. 
Bellis, Ordnance Department, U. 8. 

The first paper points out that the metallograplie structures 


Army. 


most frequently encountered in rifle barrels fall naturally into 
two groups distinguished by the method used to produce in the 
The 
first group consists of rolled barrels or barrels subjected to hot 


stock a physical condition having the requisite properties. 
working by rolling in or near the eritical range. In the seeond 
group the stock is upset to form the butt end and then heat 
treated by giving it a quench and a draw. ‘These barrels are 
referred to in the paper as heat-treated barrels. 

The strueture of the rolled barrels resembles closely that of the 
same steel after annealing, the grain size being closely related to 
the rolling temperature. Barrels rolled within the temperature 
range between 1300 and 1350 deg. fahr. give an exceedingly fine 
grain, but as the temperature is increased the grains are found to 
be larger. If the rolling temperature is below the eritical range 
given above, the structure previous to rolling is not obliterated, 
the only effect of rolling being to elongate the coarse sorbite grains 
in the direction of rolling. 

Heat-treated barrels are quenched in oil from above the critical 
range, which should give a martensitic structure, but the presence 
of some troostite in the martensite is frequently noted when the 
quench has not been sufficiently drastic. The structure brought 
about by the subsequent draw is sorbitie or sorbito-pearlitic. 
The structure is substantially the same for all drawing tempera- 
tures from 800 to 1300 deg. fahr., but the color of the specimen 
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varies with the drawing temperature, becoming Jighter as the 
temperature increases. Microscopic evidences of defective heat 
treatment are also discussed. 

The paper by Maj. A. E. Bellis on Erosion Tests of Rifle Bar- 
rels calls attention to the fact that the extent to which the nature 
of the steel is a factor in erosion is still a much-diseussed question. 
The paper describes tests made to determine the factor of erosion 
of gun barrels. The experiments performed appear to indicate 
that the homogeneous structure of a heat-treated barrel offers the 
best resistance to erosion. On the other hand, a barrel showing 
a network of free ferrite apparently offered easily eroded channels 
to the washing-out action of hot gases and metals. (/ron Age, 
vol. 104, no. 4, July 24, 1919, pp. 225-228, 23 tigs., et4) 


PHYSICS 
Langmuir Postulates Regarding Structure of Matter 


THE ARRANGEMENT OF ELECTRONS IN ATOMS AND MOLECULES, 
Irving Langmuir. Abstract of the first 


on the structure of matter. 


installment of a paper 
Particular attention is called to this 
paper, as it represents a development of possibly fundamental 
importance in our knowledge of atomie structure. The main as 
sumption in this theory is that the electrons are stationary and 
situated in shells. By means of this theory the 
writer found that it is possible to explain the periodic properties 


concentrated 


of the elements and also sueceeded in evolving a new view of 
chemical valency. 
[In the opinion of the author there is much chemical evidence, 
especially in the field ot stereochemistry, that the primary balance 
forces between atoms act in directions nearly fixed with respect 
to each other. This ean only be satisfactorily accounted tor o1 
explained by electrons arranged in three dimensions Chere is 
conclusive evidence that in substances such as wood carbonized 
under certain conditions or finely divided WO. (tungsten trioxi«d 
reduced in very dry hydrogen the atoms are arranged in branching 
chains in which most atoms are surrounded by only two or thre 
thers. Since the bodies are definitely solid it must follow that 
able to shift 
when acted on by strong external forees, 


Y le etrons 


the atoms are not their relative positions exeept 
Such structures are i 
conceivable if atoms contain only revolving in orbit 
about their nuclei. 

In attempting to determine the arrangement of electrons in 
numbers of electrons whiel 
make up the atoms of the inert gases; in othe 
these namely, helium 2. 


18, krypton 36, xenon 54 and niton 86 


atoms the author was guided by the 
words, by the 
elements, neon 10, 


atomic numbers ot 


argon Rvadbe ry has 
pointed out that these nun ers are obtained from the series 
V=2 (14+2+4+243 +3°+4 +) 


lhe faetor 2 suggests a fundamental twofold symmetry for all 


stable atoms. By a consideration of this factor and principles of 
chemistry and from other data the writer has been led to the sever 
postulates re} roduced below. 

Postulate 


arranged about the nucleus in pairs symmetrically place: 


The electrons in the atoms of the inert gases ar 


with respect to a plane passing through the nucleus whic! 
we may call the equatorial plane. The atoms are syn 
metrical with respect to a polar axis perpendicular to th: 


They 


plane and passing through the nucleus. have als 
four secondary planes of symmetry passing through tl» 
polar axis and making angles of 45 deg. with each othe: 
The symmetry thus corresponds to that of a tetragona 
crystal. Sinee the electrons must oceur in pairs syn 
metrical to the equational plane there are no electrons 
this plane. 
Postulate 2 The electrons in the atoms are distributed throug 
a series of coneentric spherical shells. All the shells in 
given atom are of equal thickness. If the mean of th: 
inner and outer radii be considered to be the effective radiu 
of the shell then the radii of the different shells stand i! 
the ratio 1:2:3:4, and the effective surfaces of the shell 
are in the ratio 1 :2?:3°:4*, 


Postulate 3 Each spherieal shell is divided into a number ot! 
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cellular spaces each of which may contain one or two 
electrons. The thickness of these cells in a 
radial direction is equal to the thickness of the shell and is 
therefore the same (Postulate 2) for all the cells in the 
In any given atom the cells oceupy equal areas in 
All the cells in an atom have there- 
fore equal volumes. The first postulate, regarding sym- 
metry, applies also to the location of the cells. The first 
shell therefore contains two cells obtamed by dividing the 
The 
second shell having four times the surface (Postulate 2) 
The third shell thus contains 18 
Or if we consider only 


measured 


atom. 
their respective shells. 





shell into two equal parts by the equatorial plane. 


must contain eight cells. 

while the fourth contains 32 cells. 
one hemisphere the numbers in the suecessive shells are 1, 
$, 9 and 16. 

Postulate 4 Each of the two innermost cells can contain only 
one electron but each of the other cells is capable of hold- 











ing two. There can be no eleetrons in the outside shell 
intil all the inner shells contain their maximum numbers 
of eleetrons. In the outside shell two electrons can oe 


cupy a single cell only when all other cells contain at least 
one electron. We may assume that two electrons occupying 
the different the 
Each shell, containing its full quota of electrons, thus con 


same cell are at distances from nucleus. 


sists of two “ layers.” We will find it convenient to refer 
to these layers of electrons by the symbols I, Ila, I1b, IIIa, 
IIIb and IVa, where the Roman numerals denote the shell 
ky 


containing the layer. Helium, neon, argon, ypton or 
xenon contaims respectively the first 1, 2, 3, 4 or 5 of these 
ayers, while niton contains all six. 

he two-fold symmetry assumed in Postulate 1 is derived from 


he factor 2 which oceurs in Rydberg’s equation. The fourfold 
symmetry is derived from the remarkable numerical relation 
brought out in Table 2 
TABLE 2 

: Radi 

II 4 | ) 

11 9 8 

iV { 16 0 


Here nm re prese nts the number ot cells in one ol the he mispheres 
shell. If this number is odd one of the cells must lie along 
ie polar axis; all other cells must be distributed in zones about 


t} 
it 


aXls 

We see from this table that the number of cells which must be 
rranged in zones is always a multiple of four. We can therefore 
sume tetragonal symmetry for the atoms of the inert gases. 

It is assumed that electrons contained in the same 
cell are nearly without effect on other. But the 
electrons in the outside layer tend to line themselves up 
(in a radial direction) with those of the underlymg shell 
because of a magnetic field, probably always to be asso- 
ciated with electrons bound in atoms (Parson’s magneton 
This attraction may be more or less counteracted 


Postulate 


each 


theory }. 
by the electrostatic repulsion between the outside electrons 
and those in the underlying shell. The electrons in the 
outside layer also repel each other and thus tend to dis- 
tribute themselves among the available cells so as to be as 
far apart as possible. The actual positions of equilibrium 
depend on a balance between these three sets of forces, 
together with the attractive foree exerted by the nucleus. 
stulate 6 When the number of electrons in the outside layer 
is small, the magnetic attraction exerted by the electrons 
of the inner shells tends to predominate over the electro- 
static repulsion, but when the atomic number and the num- 
ber of electrons in the outside layer increase, the electro- 
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As a result, 
when there are few electrons in the outer layer these ar- 


static forces become the controlling factor. 


range themselves in the cells over those of the underlying 
shell, but where the outside layer begins to approach its 
full quota of electrons, the cells over the underlying elee- 
trons tend to remain empty. 

Postulate 
the number and 


The properties of the atoms are determined by 
ol the 
layer, and the ease with which they are able to revert to 


arrangement electrons in outside 


more stable forms by giving up or taking up electrons, or 
by sharing their outside electrons with the atoms with which 


they combine. The tendencies to revert to the forms repre 


sented by the atoms of the inert gases are the strongest, 
but there are a few other forms of high symmetry such 
as those corresponding to certain possible forms of Ni, Pd, 
Er and Pt atoms toward which atoms have a weaker 


tendency to revert (by giving up electrons only ) 

These seven postulates are applied by the author to derive the 
properties of the chemical elements, thus establishing a new basis 
for the theory of the structure of matter. 
will be abstracted in an early issue. 


This part of the paper 
Re view, 


{ Gre Ne ral Electrix 


vol. 22, no. 7, July 1919, pp. 505-516, 1 fig., to be continued. The 
paper has also been published in the Journal of the American 


Chemical Society, vol. 41.) 


RAILROAD ENGINEERING 


PENNSYLVANIA MALLET ComPoUND Locomotives. Description 
of pusher Mallet locomotives of the 0-8-8-0 type built for th 
Pennsylvania Lines West by the Baldwin Locomotive Works 


The locomotives are designed for heavy yard service and de 
velop a tractive foree of 100,000 |b. 

These locomotives embody some features of the Baldwin 
practice not previously used on the Pennsylvania. They have 
conical wagon-type boilers with radially stayed fireboxes and 


three rows of Baldwin expansion stays to support the front end 


of the crown. The arch is supported on five tubes and firing is 


done by means ot a Duplex stoker. The throttl 
an auxiliary drifting valve. 

The equalization of the rear group of wheels is continuous on 
In the front group the 


springs of the leading wheels are cross equalized, while those of 


is equipped with 


each side ot the locomotive. case ot the 


the remaining three pairs of wheels are equalized together on each 
side. The valve gear of the Walschaerts type and the gears ar 
the B The 
diameter of the driving wheels is only 51 in., because of which the 
low-pressure cylinders are placed at 


controlled by Ragonnet type reverse mechanism 


an angle of 1 in 35 to provide 
sufficient clearance above the rails. (Railway 65 
no. 5, August 2, 1919, pp. 157-159, 5 figs., d) 


Re view, vol ». 


REFRIGERATION 


Novel Features in Ice-Plant Design, Including Copper 
Steam Condensers 


Ice PLANT or THE CoLorapo Ice aNp CoLp SroraGe ComPany 

Denver, Victor J. Azbe, Mem.Am.Soc.M.E. Description of 
a plant having some novel features of design. The plant, the 
full capacity of which is 350 tons of ice per day, is driven by 
Corliss engines which exhaust at atmospheric pressure into steam 
condensers. Contrary to standard practice, however, these con- 
densers are drums 10 ft. long and 37 in. in diameter made of thin- 
gage copper. When the plant is operated under full capacity 
there are 14 of these condensers in use, which means that each 
unit condenses steam for 25 tons of ice each 24 hours. 

It is stated that copper condensers not only give better heat 
conduction than iron, but are also self-cleaning. The writer 
describes the following demonstration made for his benefit: From 
a heavy-seale-coated condenser steam was shut off but cooling 
water allowed to cireulate. Immediately the seale began to crack 
and fall off and expose the clean, smooth copper surface. In 
this way most of the scale came off and after a few minutes the 
water was turned off and the steam on. 


IN 


This dried the surface 








774 


and by tapping slightly with a wooden mallet the remaining seale 
was removed. The whole operation of cleaning did not require 
much over five minutes. Another advantage of this type of con- 
denser is that it is more durable and eventually easily repaired. 

The freezing system is of the ean type, freezing 800-lb. ice 
The proper are 


blocks, which it does very suecessfully. eans 


2345 in. by 12% in. at the top, 221% in. by 12 in. at the bottom 
and 7 ft. 1l in. long. As far as the effort of pulling is concerned, 
there is stated to be less of it here than is usually encountered 


with cans of half the size, which is, however, due to the type of 
electric crane that is employed. 

Ammonia refrigeration is The 
system consists of 29 spans of drip condensers, all being 24 pipes 
high and 20 ft. 


used. ammonia condensing 


In addition, the plant is equipped with 


long. 








VAIL AMMONIA CONDENSER 


ic. 9 


Vail, chiet 
pipes 


George L. engineer of the 


8-in. 


condenset Ss designed by 


company, made up of standard and arranged as 


shown in Fig. 9. 

Ammonia vapor flows successively through 14 lengths of 8-in. 
of effective length. The 8-in. pipes are 
While the velocity in this condenser 


pipe, each having 18 ft. 
interconnected by 2-in. pipes. 
is relatively low, the results obtained are said to be good. 

The ice-storage house is 175 ft. long, 60 ft. wide and as mueh 
as 60 ft. high, which means that there are 30 layers and 500 tons 
of ice to the layer. At first objections were offered to building 
an ice-storage house of such a height as it was thought that the 
lower layers would not sustain the weight, but tests with an ice 
block under a hydraulic press showed that such fears were ground- 
(Power, vol. 50, no. 5, July 29, 1919, pp. 168-170, 6 figs., d) 


less. 


About Carbon Dioxide? 


Just How Much Do We Know 


CO, Macuines, John E. Starr, Mem.Am.Soe. 
The author points out that while the design of ammonia 


THE Design OF 
M.E. 
machines has advanced to a rather fine point and the knowledge 
of the behavior of aminonia is nearly perfect, the same does not 
apply to the case of machines employing other fluids, especially 
carbon dioxide. Machines of this class are often made either too 
large or too small for their intended duty and tables on the prop- 
erties of carbon dioxide give results varying to such an extent as 
to produce at times as much as 50 or 60 per cent variation in the 
design of the engine. 

For example, the curves in Fig. 10 compare the results of the 
heat content of liquid CO, in Siebel’s Compendium of Mechanical 
Refrigeration and Engineering and in Le Doux’ Ice-Making 
Machines with the work credited to Mollier and Amagat. 

At first glance the last three sets of the curves do not appear 
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to present discrepancies which would lead to a very great differ- 
ence in ultimate design of the machines, but in a fluid such as CO, 
where the heat of liquid constitutes so great a proportion of the 
heat of vaporization, the actual variation greatly affects the 
results. 

The following calculation reproduced from the original article 
is of considerable interest : 


Taking the two principal tabulations and assuming 0 deg. fahr. 


~. 
—- “ 
; j 
LHEAT OF LIQUID. Pi ~ 
ff" \ 
, a 
poy \ 
iY ' ILLATENT HEAT \ 
a 1 OF EVAPORATION 
© “ ; \ 
| | 
| } 
| 
f 
Ill. WEIGHT OF i IV. PRESSURE- 
VAPOR j TEMPERATURE 
yy, RELATION 
~~ we 
— — 
iu. 10) Properties oF CAarBnon Dioxipk AS GIVEN BY DIFFEREN) 


AUTHORITIES 


(Broken Lines Dat Professor Schroeter in Le Doux's Book 


given by 


Full Lines—-More recent observations credited to Amagat and Mollie 
Macintire.) 
for the refrigerating temperature, and 80 deg. fahr. for the 


at which heat is rejeeted in the 


Krom the older 


average temperature condenser 


the designer at once finds himself in a quandary. 


set of tables (Sehroeter, page 174 of Le Doux’s book, 1902) 
finds the following values: 
Heat of vaporization at 0 fahr........ 125.5 B.t.u 


Heat of liquid at 0 deg......... 24 B.t.u. 
Heat of liquid at 80 deg.............. 63 B.t.u. 
Hence, net heat taken up per lb. 125.5 { 24 63) 38.5 


Therefore, 200 B.t.u. per min. ( 1 ton of refrigeration 

5.2 Ib. of CO, required per ton. He 
weight of a eubie foot of gas to be 3.45 lb., or 0.2898 eu. ft. for 
1 lb., or total for the necessary 5.2 Ib. §.2 ) 
cu. ft. to be compressed per ton from 310 lb. up to 990 lb. absolut: 


3.t.u. 
38.5 further finds the 


0.28908 


pressure. 


From the newer tables (prepared by Mollier) he finds: 
Heat of vaporization at 0 deg. fahr.... 117 B.t.u. 
Heat of liquid at 0 deg. fahr.......... 17 B.t.u. 
Heat of liquid at 80 deg. fahr......... 36 B.t.u. 
Hence, net heat abstracted per pound 117 — ( 17 +- 36 
64 B.t.u., and 200/64 3.12 lb. CO, to be cireulated per minu 


Weight of vapor per cubie foot = 3.4 
Therefore 3.12 X 0.28 


ft. of vapor to be compressed per minute per t 


per ton of refrigeration. 
lb., and 1/3.45 = 0.2898 cu. ft. per lb. 

0.9041 ecu. 
from 310 to 965 lb. absolute pressure. 

This is a difference of 661% per cent in the size of the machi 
and there is very little difference shown 
economy will also vary about 6614 per cent! 

The writer that the Bureau of Standards is 
proper authority to settle this matter. (Refrigerating Wor 
vol. 54, no. 7, July 1919, pp. 11 to 12 and 20, 1 fig., t) 


as in pressures, t 


suggests t 
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Drop VALVES FOR STEAM ENGINES.  Discussio 


MECHA 


I 


of the usual Cornish double-beat valve, especially as ap 


engines working with superheated steam, and of 1 


The author proposes to use instead the valve sh 
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] PisTON mor VALA FOR S 


! evel is ia sie all S10! Vials " 
Ve i been used none l ince tor seven veal 
wtlically no weal 


Che valve works in a separate liner torced 





he Li 


owl 


he seatings being machined and, if necessary, scrape 
reular when cold The result of pressing the ! 
ere it touches the evirnder if s contracted Henes 
ngs seat the bore ot the liner becomes less thar n ¢ 
seatll It the rts be cast 1n ( nel ( 
wk, and they are therefore cut from the so Now 
restrained by a return flange on the faces. lh 
wn they are on the inner faces, but in the exhau 
re on the opposite Laces On those taces betwee1 e res 
nge and the liner, the rings are a ground fit to th 
imtight he ring is not a tight fit im the groovy 1 


p to its face by a wave spring in the recess A show! 


rings are s eam-packed, in the ease ot the 


ming steam, and of the exh 


from the side on which there is the greatest 
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t pressure 
nts in the rings are not lapped, but usually just radial, and the 
nt 1s pe oged opposite one of the erids in the e! The valve 
is clear of the liner, and does not touel work. It is 
red so that it cannot turn on the spindle, and all is so ar 
red that once set the valve commences and ends its life witl 
circular movement. But it is necessary tl he gland shoul 
prevent the spindle trom making slight movement rig] 
es to the axis of the lines In work, then, the « nder w 
ort the valve liner more in some desiens ot ¢ der } 
rs, but the rings being flexible to the necessary sheht amour 
ww at the first irrecularities and later wear to then At firs 


t the restraining flange may appear to prevé 


tment, and it was at first onlv used to prevent 


into the ports in case of breakag: 


vork, whether in the piston or valve, expar 


) 


nt this a 


i 


parts of the 


but piston rings 


d more 


i} 


ul 


ian the 


nder or liner—at least, all the writer’s experiments have 


ed this—and, again, the rings are made a 
ore it is foreed in. Henee, when the valve 
rt of the liner, the rings are off their restraint. 
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is on the 
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t 


e liner 


seating 


With care, then, 
e valves can be maintained reasonably steamtight. 
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THERMODYNAMICS (See Refrigeration) 


VARIA 


ABSOLI I} Mi S| EMI 0 ] IN ENS 
A. G. Webster. Deseription ot a senes of a 
dealing, among other things, with the prope 


bodies and the subject of elastic hvsteres 


An instrument has been developed calles 


] 


] ; 


; a standard ot sound and is capable ot reprodu 


a sound of the simplest character and per 


put ot sound in watts ot energ 

A second instrument has been develope: 
ound in absolute measure s instrume 
eter,” is now practica is ensil e® as the 
By means ot these instruments the deter 
distribution of sound, of the effect of d 
easurement of the refleetu Cor 
ecomplished 

In the ime papel rue cle riper 
phonotrope,” the purpose of w 

illo ola st ] ‘ ‘ 

the Doppler effect 1t cannot vet be use 

T ol an aeroplane at night Proces ; 
Institute f Kleetrical bi nee Ss, no 
889-900, 7 figs., dA 

) EP OF SI ee ( ! } 
N. V. R. Dazzle painting is defined \ 
pal i etleet such a Wa i i we 

e brokel Ip Db masses . rely 

irpose of it is to make ra 

eC eNat eourse ¢ Lhe ess ye ackKe 

Ih VISIDLLITV against subn rines 1s not o1 
he dangerous, and marine camoutlage is 
different trom sea camoullage, e primal 

cred esse] was not so mue to Cause the ¢ 
hen actually in firing position (although 
number of cases) but to mislead m whe 
ighted as to the eorreet position t ike . 
10 knots or over a submarine i ry on i 
vosition has httle or no hkelihood ré 


wing to insullicient underwater speed 


Should the submarine decide to come up 
. gy armed, has every chance ot Success 
act, the coming out ot the submarine wo il 

mor to the success ¢ e pall 
e striped type ‘ e design whi 
i ir? ed a some time be re ad 
stages a small woodel mode ot ene} 
eu (on this a design was painted wash 

s caretu I) sl die ona prepare theater T 
periscope, various sky backgrou Ss belng 
ternately A satistactorv design ha ing beer 
aximum distortion, the model was the 


plan-maker and copied 


he most Important parts « a ship o7 
© obtained are in the neighborhood ot the 
bridge, bot ot these ty ro vreatl is¢ to 
termining the efourse The colors mostly 
blue ind green, either their pm irv < 

rious tones, The speed developed in da 
that, Lor example, the Leviathan was marl 
two davs. Paper read before the Northeast 
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CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classi 


tive; d descriptive ; e experimental; rene 


ri 


mathematical; p practical; s statistical; ¢ theoretical 


especial merit are rated A by the reviewer. 


are those of the reviewer. not of the Society. 
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Engineering Societies Employment Bureau 

The work of the Engineering Societies Employment Bureau has 
increased rather than decreased during the summer months, Engi- 
neers just being released from Government service continue in 
as great numbers as during last spring to seek employment 
through the the Bureau. Employers, realizing the 
good material which may be secured by means of the Bureau, are 
increasing their demands upon it. In addition to the calls for 
engineers there are many requests for designers, draftsmen, and 
minor assistants. Statistics of the work of the Bureau for the 
eight months ending July 31 last are as follows: 


agency of 


Applications for employment 376 


Positions registered ........... 1334 
Positions open at present 350 
MPOTCAMES DIMCOE EO GREE oc ccc nce cacesceccas ... 744 
Average number of men visiting Bureau per month.... 1690 
Average number of men sent out for interview per 
SE aia sa eee ehh eeiie ae wh nd MARR P aaa eee 675 
Average number of letters of application for positions 
DORON OE TEE CIAs csi ccc si ewer ce cdasceteses 1457 


There is every reason, however, to believe that many more than 
744 applicants have been placed who have failed to notify the 
Bureau. 


Recataloging the Engineering Societies Library 

Attention is called to the interesting report in another column 
by Direetor Harrison W. Craver of the library in the Engineering 
Societies Building, New York, on the subject of library cataloging 
and the classification of engineering literature. This great library 
originally comprised the books of the libraries of the Mining, 
Mechanical and Electrical Engineers, to which later was added the 
large and very complete collection of the Civil Engineers. Each 
originally had its own library catalog, from which, as explained 
by Mr. Craver, a general authors’ catalog was made by interfiling 
the catalogs of the constituent libraries. There is also an 
alphabetical classified catalog of the three original collections, a 
classified subject catalog of the Civil Engineers, and other catalogs 
and lists. 

Work of reeataloging is now under way, a very large under- 
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taking which will require from two to three years to complete. 
There will be an authors’ catalog to enable the reader to find a 
book when the name of an author is known, or what books by any 
author are in the library; a subject catalog to enable the reader 
to find a book when the subject is known, and to exhibit the 
resources of the library on every chief and most subordinate 
topies; and an alphabetical index which will comprise the names 
of the various subjects upon which there are important books 
or pamphlets and which will direct the that section 
of the subject catalog where the books are listed and to the de- 
partment of the library where they are to be found. 

The Dewey system of classification will be used as extended and 
modified by the Institut International de Bibliographie, usually 
known as the “ Brussels” classification. 

The principles underlying this work are explained in the report 
as well as the details of the system of classification used. The 
report should prove of value to engineers generally, apart from 
its direct bearing on the work now in hand for the library of the 
Engineering Societies. 


user to 


. 
The Training of Industrial Executives 


The successful conduct of manutacturmg enterprises demands 
that type of managerial talent which fully comprehends and 
effectively codrdinates the social, commereial and technical forees 
which condition the lite and prosperity of such institutions. The 
proper embodiment of physical, chemical and mechanical laws 
in industrial processes is the first essential in establishing a manu- 
facturing enterprise upon a good technical foundation. 

The provision otf those conditions which the 
faculties of the mind, which bring about the cooperative efforts 
of men which establish 
capital, are the golden fruits of management. 

The distribution and marketing of the products of the factory, 
the finaneing of the enterprise and control of its activities in the 


release creative 


and understanding between labor and 


light of market conditions are among the most serious problems 
dealt with in directing the affairs of an industrial undertaking. 
Accordingly, therefore, any training for service in manufacturing 
and industry which has for its object the development of men who 
shall occupy executive positions should be directed toward th 
great problems of labor and the human side of engineering, the 
problems of costs, accounting and finance, as well as the scientific 
and technical problems arising in industrial processes. 

We are beginning to realize that the management of industrial 
enterprises is a matter of public interest and concern. The late 
war has demonstrated most foreefully the facet that our ability 
to combat is in direct proportion to our ability to produce goods: 
and between nations of equal resources the decision is generally 
in favor of the one which can produce, handle and use its goods 
most economically. As we enter the reconstruction period and 
begin to adjust ourselves to the new economie and social condi 
tions which have arisen as a consequence of the war, we realiz 
as never before that one of our greatest natural problems is th 
economic production and distribution of goods. And the greatest 
factor in this problem is that of man power or executive ability 
We do not lack devices for production, systems of credit, method 
of management—the tools to work with—but our need is me! 
of vision, ability and force, well trained in commerce, finance: 
and technology to direct our industrial organizations and caus 
them to function properly in all these particulars. 

The development of men for such service is important to t) 
publie welfare. It is of more than passing interest, therefore, t: 
note that the Engineering Schools of Columbia University hav 
given serious consideration to this question and have develop: 
a plan for training men for this service. Some years past C 
lumbia, appreciating the growing importance of all engineeri! 
service to the public welfare and the increasing responsibility « 
the engineer to the public, raised its requirements for attainme: 
of its engineering degrees to provide a more liberal education ' 
the arts and the humanities. It is provided that this new develo; 


ment shall also stand on the same broad educational foundatior 
An equivalent of three years’ college training will therefore be 
required of all candidates for instruction in this branch of servic: 
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The instruction under the supervision of the engineering faculty corrosion of non-ferrous metals and alloys. ‘Tl 


hese report val iable 
extends over a period of three years, and is about equally divided 


work done at the U. S. Bureau of Standards 
between technical and commercial subjects. The School ot 


and point to a new 

Busi and promising field of research concerning the behavior ol our 

ness of Columbia University is cooperating In the project and  basie materials of engineering construction 

will give instruction in commercial practice and finance. When the average man speaks of corrosion of metals he has 
At a recent meeting of business men and educators held in primarily in mind the corrosion of the universal metal, steel, which 

Washington it developed that the Carnegie Institute of Tech- 





unfortunately Is sO subject to the action of the elements. The 
nology and the University of Cincinnati were also worku oul general assumption 1s that non-ferrous metals, in particular those 
similar projects and were offering instruction at the present time with a copper base, are fairly free from corrosion Beeause of 
in those commercial subjects which are most important in matters this, copper, brass and bronze are used in places where the 
dealing with the management of factomes and the conduct of element of construetion 1s particularly subject to corrosion and. 
commercial enterprise. as a rule, it is assumed that the yellow metal or alloy will insure 

With our universities and colleges developing men of broad practically complete protection from corrosion 

vision and understanding in matters relating to the industrial and The work done by the Bureau of Standards, 


hnowever, SnOoWS 
commercial development of our country, and with the introduc that this is not always the case and that not onlv aluminum 
tion of these men into our business life, it is felt that the whole allovs, which it is well known ar 


subject to corrosive action, but 
plane of commercial operation will be lifted and the pr 


lems under certain conditions brass and bronze suffer from corrosio1 
perplexing labor and capital will be more thoroughly understood to an extent sufficient to impair their usefulness as structural 
and more wisely handled 


materials. 
WaLTer RAUTENS In particular, the paper by P. D. Meriea and R. W. Woodward 


indicates that brass and bronze ma 


Lig 


v be subject to failure wher 
. < inder tensile stress vreater than 20.000 |i er < . ‘ } 
Aeroplane Fuels | Ib. po n. and 
same time under corrosive action 


at the 


ilts, tor example, 


\bout the time when the United States entered to the wal trom concentrated ammonium hvdrowxids 
air was full of rumors of wondertul German achievements in lhe value of this investigation lies in its econtributior wal , 
tield of heavier-than-air flying. The usefulness of the zeppelin clearer knowledge of the lite and factors of safety of basie ma 
an engine of wartare was pretty well diseredited, but it was terials of engineering construction and if earried further may 
ud that the Germans had some wondertul invisible aer nes, ndicate the need for more stringent rules for the employment of 
rmorea aeroplanes, ele Cdrie particularly persistent ! ais Lhese tactors i places where the metal Ss subject to tmthert 
ieting rumor was that the Germans had developed ma pro ttle-suspected destructive agencies 
duction of a new fuel belonging to the class of vdrogenate 
enzols and known as cevelohexane 
\n extensive researeh undertaken by the Burea 0 Mines, Ball and Roller Rearings Under 
gether with other governmental and private agencies, had tor Centrifugal Loads 
purpose (1) to determine the conditions surrounding the cor 
istion of tuels in. ae roplane engines of! aryving ratios ol Phe de elopment of aeronautical engines had made it necessa 
Inpression, and Z to de elop the prod wlio of svnthetie tuels to use somewhat unusual combinations of machine elements or ti 
e hydrogenated-benzol type. employ known elements under new and unusual conditions of 
llighly gratifving results were secured in bot ne t this peratior One such case was that of a ball and roller bearing 
seareh, even thougl neither Was developed 7 time te be of] otating as a whole about an axis external to its owt 


reometri 


wtieal use before the signing of the armistice in November ente! It was found that if the rollers or balls were above a 
st venr certain size and the speed of rotatiol ivh, bearings wit cages 
ln the first place. it was found that the various tuels behaved {f the ordinar tvpe, and bearings without cages, had a very 
1 definite manner under various degrees of compressio! t short lite ; 
found that a fuel could actually be “erushed” under the com- A series of tests and investigations have bec indertaken by 
ession so that it would ignite spontaneously It appears that ot the lechnical Department, British Aireratt Production, whic! 
ommercially known fuels kerosene has a comparatively low show that in such eases we have to deal with piling up o ‘ 
er limit of usage in high-compression engines; gasoline comes balls or rollers due to the action of centrifugal forees. This in its 
tollowimyg which come the various compound and svntheti turn led not only to the development ot a new tvnpe ot bear ng 
but also to the evolution of the theorv of “ located ” cage desig! 

was further determined that under a compression ratio of and special uneaged roller bearings. This matter is covered i 

‘1, correspondmg to a pressure of 185 Ib. per sq. in. as meas the abstract of a report of the investigation published in the Eng 

with an Edelman gage, ecyelohexane-benzol alcohol and neering Survey section of this numbe 


hol-benzol-gasoline mixtures showed only a slight tendene, 
cause knocking, which, when it occurs, may mean either pre , ae 
tion or excessively rapid combustion. Phe National Budget 
mixture composed of 70 to 80 per cent cyclohexane and 20 4 National Budcet § 4 by } I; 
4) per cent benzol. called “heeter,” was developed ona rapid aia po see , = Bt » ae Is aay “ OTD “ms repu or 
des were bene made in volame production of cyclohexane re bs nm oe parties, and a resolution has been adopted in both 
the armistice put-an end to this kind of work so far as the ouses, Whereby select committees on the budget system have been 


appointed consisting Q members o » Senate C e an 
Governet eek seumeeedl ~ a of 10 member : the enate Committee and 
; , —- members on ouse Cor tee. ( hese co ttees , 
e immense value of research of this nature is obvious to any t 1 all K bile. t a Fay ’ ee a 
: reterred a reports ol lls, resoli is ¢ doe nts the 
neer and it can only be regretted that the pressure of the tablish ; o “ian - ea itor ind documents for the 
: ‘ . : establishment of a Nationa sudget Syste as il as sec 
ble war emergency was apparently needed to attract sufficient leal om “ — a well a a ) 
: . changes in dealing w a al s S ates i - ; l 
rest and secure adequate means for work of the character g with appropriations, estimates and expend 
tures. 
ated. , 
An outline of the budget plans for our own Government and 
the budget system used in foreign countries has been submitted, 
iia > ~\ . , together with a ie » essentii lvet sys 
orrosion of Non-Ferrous Metals and Alloys n outline of the essentials of the budget system 
and anticipated results. The Senate Committee, of which Senator 
the Engineering Survey of this number will be found MeCormick of Illinois is chairman, is now framing and will later 
al 


racts of two papers presented before the American Institute of | present proposed legislation for a Budget System on « 
Mining 


Tr be Tore 
g and Metallurgical Engineers on the general subject of Mareh 1, 1920. 








AFTER-WAR EUROPEAN INDUSTRIAL ACTIVITY 


—4§ ARLY in March 1919 a large delegation of the Cleveland 
Chamber of Commerce went to Kurope to study industrial 
conditions for the benefit of their community. Mr. E. 8. 

Carman, the former chairman of the Cleveland Section of The 
American Society of Mechanical Engineers, and the president ot 
the Cleveland Engineering Society, was a member of the delega- 
tion and sinee returning has delivered a number ot addresses 
giving in a general way the results of his observations on atter 
war European industrial activity. In these he has told his audi 
ences most interestingly his impressions of the trade conditions tn 
the several countries of the Alhes and of the destruction wrought 
in Belgium. In what follows are given excerpts from his remarks 
that we believe will be equally as interesting to the larger audience 
comprised by the members of this Society and the other readers 
of MECHANICAL ENGINEERING. In these addresses Mr. Carman 
-as said in part: 

‘T have had the great privilege of visiting England, France and 
Italy and Belgium’s industrial plants and of coming in personal 
contact with their managing directors and engineers and have 
seen and heard first hand just the condition existing in the various 
countries from four to six months after the signing of the 
armistice. 


* Arriving in March, | 


studying the Englishman at home. I heard his complaint, his 


England in early spent two weeks 
grumble, his expressed dissatisfaction with his government, with 
labor, with railroads, with the weather, in fact with everything 
and everybody—even Americans. His home was cold, exchange 
value of sterling made the American dollar standard, his food 
was poor and portions small; he did not have butter, sugar, or 
cream and he feared that which he did have President Wilson was 
going to give to the Huns. There was not much activity in 
dustrially and labor as a whole threatened to strike on Sunday 
morning, March 23. The arrogant demands of labor was the 
paramount talk of the day. 
he had not had for five long years. 


The Englishman needed the holiday 


“In France the people seemed to be enjoying their new-found 
and unexpected freedom from the bitter fighting of the past five 
vears. They seemed happy, content and ambitious to take up 
again the life of peace and happiness. In Paris one is surprised 
at the gaiety of the throng. 

“ After visiting the northwest battlefields I left France for a 
time, entering Belgium. It was here that one asked the question, 
‘Can Belgium ever regain the industrial position she onee held? 
Can she be a factor in the competition for the export trade of the 
world?’ 

“Her industrial plants, stripped by the Hun, are as skeletons, 
standing upright in all their ghastly nakedness; their hearts have 
ceased to beat, their flesh, yea, their souls have disappeared, and 
through their broken windows there shines a light to show the 
occasional visitor the heartlessness of the Hun. 

“We have heard and read of the wilful destruction of the 
cities and industrial plants of Belgium and Northern France, but 
neither words nor pen can adequately convey to the mind the real 
conception of what the eyes can see and the heart can feel—for 
one must see with his own eyes and hear with his own ears, be- 
fore he can conceive of the completeness of the devastation that 
was wrought. 

“Then, too, one sees there the human side of after-war, and, 
if at all sympathetic, his heart is deeply touched. 

“T called on a former customer of ours at his offiee-home in 
Brussels; a builder of large engines, both steam and gas, also 
general engineering work. I was shown into the office of the 
after I had 
convinced him that I was not trying to sell him something but 
just sympathetically inquiring what I could do to help—he told 
me the story of his misfortune. 


owner( a man of about 55 vears of age) and there 


“It developed that his plant was equipped thoroughly with 
machines of English, Belgian, Ameriean and Dutch manufacture. 
He further stated that of all this large equipment the onlv thing 
left was that which was made in Holland as the equipment man- 


ufactured in England, Belgium and America had been carried 
away into Germany. 

“It was a sad situation indeed and one that pulled severely at 
the heart strings to sit in conversation with one who, like the 
owner of this works, had been well-to-do practically all his lite 
thing left, 


were about six 


and now, at the age of about 55, did not have a single 
and the only people in this large establishment 
people in the outer office in Brussels. 

“In a discussion as to how this vast amount of equipment 
would be replaced, he admitted he could not see how it could be 
purchased from America or England, and in answer to the ques 
tion as to whether or not Belgium could manufacture it, 
that it could not 


he replied 
as they have nothing to manufacture it with. 
The only course left open for him will be to purchase his ma 
chinery and the question is where will he purchase it. Now let us 
consider this problem trom his standpoint. He thinks in terms of 
franes; they are his standard by which he gages the cost of any 
thing, just as the dollar is ours. The frane is at a diseount in 
dealing both with England and with America It we quot 
$1000 on a piece of machinery, this would normally be approxi 
mately 5000 franes, but now with the value oft 


ae pre Clate dl 


would still 


the france, he would have to pay 7500 frances tor what 
appear to him to be 5000 franes worth of machinery The same 
thing is true of English quotations, but on the other hand, con 
sider German quotations. They quote him in marks and a piece 
of machinery valued at $1000 will be quoted by a German con 
Normally 4000 marks would 


mean practically a price of 8000 franes, but now with the de 


cern at approximately 4000 marks. 


preciated value of the mark, a quotation of 4000 marks means 
only 2000 frances, so that if this Belgian manufacturer receives 
quotations from both America and Germany on a piece of ma 
chinery, the normal value of which is $1000, he will receive a 
quotation of 7500 franes for the American machinery and only 
2000 franes or less than one-third for the German machinery 
With money normal, his hatred of the Hum 
cause him to purchase thi 


would ul doubted|\ 


equipment here, but being poverty 
stricken, as every Belgian is today, the money consideration be 
comes one of paramount importance. This is the great questior 
before American manufacturers today. We have the desire to 


help our Allies, but can we meet conditions in such a way that it 
will be possible for us to do so? 

The sentiment of the large portion of the Belgian populatior 
is very much in favor of America. This was noticeable at ever 
village and city which I visited and 1 especially eall to mit 
visiting the city of Dinant with its great fortress—the city o1 
which was based the last hopes of Belgium wit! standing the Ger 
man invasion of five vears ago; the city that was laid low not b 
shell fire but by 


city and being entertained by the burgomaster and others, that 


wilful destruection—it was after visiting th 
in leaving in our automobile and swinging from their main thor 
oughfare across the River Meuse, a large erowé of school childre: 
waiving their handkerchiefs, eried, ‘ Vive L’ Amerique.’ 

on Regarding the labor eonditions in Belgium, while ther 
not much being said, nevertheless, upon inquiry, was fou 
that the workman did not care to work and that where an atter 
strike 


was made to stir him to industrial activity after str 


oceurred. In many places the demands were immediately grant: 
and then before the workers would aecept that which they we 
striking for, they would immediately ask for more and contir 
the strike. 

“In the city of Alost, the headquarters of the American Fi 
Relief which has now been taken over by the Belgian Gover 
ment as their headquarters, I found the squares of the « 
crowded with idle workmen and upon inquiry learned that m¢ 
out of work were receiving 27 franes per week and with t 
money, which was paid by the government, they purchased the 
supplies cheaply from the Belgian Food Relief Stations and liv: 
on this all week. There were at that time about 150,000 Belgia 
drawing this ‘ idle’ pay. 


“Tn eontrast with this idleness it is quite evident that the fart 


“as 





ar 


m 
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surrounding the cities required the help of every available man 


and especially so since all their horses and oxen have been killed 


or taken away from them by the Huns. One of the most pitiful 
sights which I saw was two men harnessed together drawing a 
heavy drag or harrow across the spaded ground. 

“Italy has been a consuming nation, importiug large quantities 
of food, clothing materials, and nearly all her iron a ster 
products of consumption; she has never been known ; ni 
dustrial or manufacturing nation, but it is my understand that 
her atter-war a piratiol is to become a producer nstence a 
consumer 

* She et that the mechanical experience gained in war time 
should enable her to manutacture and so she has continued and 
producing evera tvpes OL machine tools, hvdroelect powel 
units, motors, ete... as a whole they are crude looking in de fn and 
poorly built 

“It was my good fortune to visit many plants in all her large 


cities, excepting Venice, also a few of the Royal Navy yards and 


arsenals, including the largest; it was at this plant that I was 


shown tive lo ttern. boiler, plate and electri 


nares, maenine, pa 


welding shops were furnished with only an average 


Ss! Ops 


equipment and that did not seem to be producing an average out 


put This being the largest and best navy yard, I was beginning 


thers would look like, when, much to my 


to wonder what the 


Surprise » UpPol the ship vara al d entering an enclosure, 


there lay betore me on the wavs, a submarine just abi ready 
tor la nel ‘jhe t was tle ust ot an order OL SIX: about zu it. ni 
diameter and 200 ft. long 

“We give the Italian credit for being an artist and rigl so, 
but when we think of art we think of painting and seulpture, of 
palaces and song, but hardly do we expect to se¢ wh graceful 
lines and curves upon a submarine, an engine of destructior As 
I looked upon this thir yr ol elegance and beauty, an artistic desig: 
with workmanship most skillful in the bending, shaping and 
riveting of the heavy plates, the American instinet begat quil 


Was Was not this built 


to win a war, and at a time when labor, capital and skill was in 


ng within, not this builf for fighting? 


rreat demand? Why, pray tell me, why the utter waste ot 


} 


apital and skill necessary to fashion these heavy plates 


n artistic manner Would not a more simple design accomplish 
he same work? 

“What position will Italy hold in the after-war struggle for 
mmercial supremacy? Can she put mto articles for general 


vorld-wide consumption all the laborious skill that she now puts 

her works of art? And can she put into her products that ex 
ceptional amount of labor which she puts in the construction of 
train I 


her publie works? For I recall that while passing in a 


bserved that a winding river in the bottom of a valley was being 
raightened; the cut being perhaps a mile long and the section 


wide by 8 ft. 


re moved by 


hich was being excavated was approximately 50 ft 
aeep and all 


ide and wheelbarrow methods. 


this vast amount of earth was being 


“ As one travels throughout Italy it becomes at 
1 the 


apparent 


ease and 


the 


of the Italians is one ot 
habits: 


business and home lite 


mitive in manner and there are not to be found 


many conveniences, and in fact the necessities of the American 
home and office; mechanical appliances in everyday life are un 


known. Labor is plentiful and cheap. Yet when output and cost 


compare d with ours, their costs will doubtless be much higher. 


Before Italy can export she must consume, and to teach her 
Dp ile to the 
ry itself—a 


consume requires changing of customs as 
task 

In France the conditions are quite different. 
people whose habits are advanced and her workmen know how to 
produce There 


W neness on 


creat indeed. 


France has a 
a day's work for a day’s pay. seems to be a 
the 
was my privilege to be the first American civilian to inspect 
the rreatly enlarged works of Schneider & Co., at Le Creusot. I 
have heard this company spoken of as “ The Krupps of France ” 
ani 


part of the workmen. 


| 
; 


0 it is, for on every hand was to be seen ordnance of all sizes 
and deseription 


“ This great plant which was responsible for the furnishing of 
much of France’s war weapons, is now at work building instru- 
ments of peace and the preparation is now being made to convert 
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‘ ; 


still more of its many shops to the manufacture of useful 


time machinery. 


“ France is busily at work now, but France has years of work 
ahead to rebuild, repair and reéstablish her industnes and that 
too with over three million of her best and most skillful workers 


either dead or disabled. Can 


trade? Not yet, 

“ And now, what about England? Yes, Eng qd has a hat 1s 
necessary 1n the way of equipment to have and to hold the world’s 
trade 9 but one thing she lag ks aw liy 4 labor | ngialr abo 
will not work, regardless of the rate of pay; the iv’s output 


restricted and re tarded. 
Her 


onsc1ous 


busy. Her labor } 


and I fear in many 


“ Her plants are not 


inempiloye a 


sSLances une 


masters are indifferent 


of the storm that will sooner or later break in great fury. We 
must look further back than the near past before we can begin to 
suggest the causes for all this present unrest Kurope re-ol 
curse—man and master, snobbery and hatred—is at the bottom of 
all her troubles. She does not and will not recognize that all mer 
have an inalienable right to earn a livelihood and pursue the paths 


of peaceful, honest and happy living Mar of the masters ot 


industry are autocratic, as are also the masters of labor 
are continually striving one with the othe: 

“Can England be a factor in the race fe vorld-wide co 
me reial supremacy » The quest or S hard one to answer a I 
believe from observation we shall have plent 0 eto i { i 
reply England has troubles of her ow: 


Business Engineering at Stevens 


In ane 


University 


Prof. Walter 


the movement 1 


ther column, Rautenstrat of Columbia 


comments upon 


ineluding Columbia, toward courses in admunistr: 


combination with engineering training to prepare young men for 
broader activities of engineering and manufacturing. In this 
connection attention should be called also to the fact that in 


certain institutions lectures are given in business administration 
and economies as a part of the regular course of engineering, in 
distinction from the new courses referred to by Professor Rauten- 
strauch in which business administration is coordinate with the 
engineering subjects. 

A pioneer in adopting such instruction is Stevens Institute of 
Dr. Alex. C. Humphreys, President of the Institute 
The Society of Mechanical 


Engineers, combined with H. de B. Parsons in suggesting that as 


Te chnology ° 


and Past-President of American 
far as time would permit, instruction should be given at least to 
members of the senior class on commercial conditions and methods 
affecting engineering enterprises. The result of these suggestions 
was that a course of four lectures was delivered to the senior elass 
in the spring of 1897, the first being prepared by Dr. Humphreys 
and the second by Mr. Parsons. Additional lectures were prepared 
hy George R. Turnbull, vice-president of the Guaranty Trust Cor:- 
pany of New York, on Accounts and Accounting, and by William 
Sherrer, manager of the New York Clearing House, on the Rela- 
tion of Money and Banking to Engineering Work. During the 
next college year it was not found practicable to provide regular 
instruction along the lines suggested, but a brief course in account- 
ancy was offered to the senior class in the spring ol 1899, 

When Dr. Humphreys assumed the presideney of Stevens In- 
stitute, he promptly determined to enlarge the scope of this 
instruction and, as a result, the Department of Business Engineer- 
the 
department being later changed to “ Economies of Engineering.” 


ing was established under his direct supervision; the title of 


Other lectures have been given from time to time and a selection 
of these have been gathered together in book form as leeture notes 
for the use of students. These now comprise a volume of nearly 
600 pages upon such subjects as accountancy, depreciation, shop 
costs, analysis of data, specifications, estimates, law of contracts, 
patent law, and business methods in general. These probably 
constitute the most complete volume which has been published on 
what Dr. Humphreys is pleased to call The Economies of En- 
gineering for the use of engineering students. 











FORMULATION OF POWER TEST CODES 


Methods of Testing Power-Plant Apparatus now being Standardized by the Largest Committee 
of Mechanical Engineers 


EN years ago a committee was appointed by The American 

Society of Mechanical Engineers, known as the Committee 

on Power Tests, to revise the various testing codes of the 
Society pertaining to boilers, pumping engines, locomotives, steam 
engines, internal-combustion engines, etce., and to extend these 
codes to include other apparatus. The report was presented at 
the Annual Meeting in 1915 and has since been in extensive use 
throughout the country. 

Appreciation of the Code by the profession led to a proposal 
for its thorough revision, ineluding the amplification of its several 
sections where necessary and the formulation of new codes to 
cover other types of power-plant apparatus. Accordingly, in 
December 1918 a committee was appointed by the Council to 
revise and extend the Power Test Code. Nineteen individual 
committees of specialists in different fields were also appointed, 
as listed m what follows. The following instructions and direc 
tions defining the work of these individual committees in order to 
facilitate cooperation and avoid conflict have been issued by the 
committee : 


PLAN OF ORGANIZATION 


The Main Committee has charge of the plan and scope of the work, 
determines what codes shall be formulated, nominates or suggests 
those to be appointed by the Council as members of the committees 
charged with the formulation of the individual codes and suggests 
revisions if necessary to correlate their work with that of the other 
committees and with the general plan. When a code submitted by an 
individual committee is complete and satisfactory, the Main Com 
mittee transmits it to the Council with its recommendations. and when 
approved by the Council it is published as the A. S. M. E. Code upon 
its particular subject over the signatures of the members of the In 
dividual Committee that formulated it. 

The Main Committee holds stated meetings on the first Monday 
preceding the first Tuesday in March, June, October and December 
to consider reports from the Individual Committees and such other 


business as may properly come before it. An Executive Committee 
of nine of its members, easily accessible to headquarters, functions in 
the interim. A secretary is assigned to the committee by the Society 


COMMITTEES ON INDIVIDUAL CopEs 


The policy of the Main Committee has been to select committees to 
formulate the individual codes with a view to obtaining the best 
thought and experience of the profession with regard to the special 
subjects in hand. The choice of members has not been confined to 
men belonging to the Society. Special knowledge of the subject is 
considered more important than society affiliation. A list of the com 
mittees, with their personnel as determined to date, is given below. 

The committees are favored by the codperation of other societies. 
The Committee on Hydraulic Power Plants is composed, for instance, 
of three representatives each from the American Society of Civil Fn 
gineers, the American Institute of Electrical Engineers, the National 
Blectric Light Association, and our own Society. Our Committee on 
Refrigerating Machines and Plants is identical in its membership with 
the committees appointed for a similar purpose by the American 
Society of Refrigerating Engineers. The Mechanical Section of the 
American Railroad Association has officially designated Mr. A. W. 
Gibbs to represent that body on our Committee on Locomotives, and 
our Individual Committees include representatives from the U. S. 
Sureau of Standards, the U. S. Naval Academy Testing Station. the 
Machinery Builders’ Society, the Hydraulic Society, ete. 

The Individual Committees are expected to choose their own officers 
and perfect their own organization. ‘They are free to seek the co- 
operation of everybody having information upon or interest in their 
respective subjects, especially those whose interests will be affected by 
the Codes. The Committee on Steam Engines, for example, wrote to 
119 engine builders, telling them that the Steam Engine Code was to 
be revised and soliciting their suggestions and interest. Committees 
may avail themselves of the coéperation of other societies or com 
mittees interested in their subjects: but if it is desired to add to 
their membership or to invite an organization to formal participation 
in their work by the appointment of representatives upon their 
committee, recommendations should be made to the Main Committee 
that the persons desired be appointed or an invitation for such 
representation be extended by the Council. 


780 


Records of the meetings of Individual Committees are to be sent im 
duplicate to the Seeretary of the Main Committee, in whose office 
one set will be kept intact for reference, the other set being available 
for circulation among other committees that may ask to see it 


GENERAL INSTRUCTIONS 


The work of some of the committees is so interrelated that an inter 
change of records of conclusions reached or important point inder 
consideration will be helpful if not necessary. 

The chairman or secretaries of Individual Committees are to in 


dicate to the Secretary of the Main Committee what other committees 
are likely to be interested in their reports and in the reports of what 
committees they are likely to be interested. Differences of opinion 
as between committees will be reconciled if possible by correspondence 
or joint meetings, but if irreconcilable will be reported to the Main 
Committee. 

Description of instruments, apparatus and methods—such as the 
salt or color method for measuring the rate of flow of water—-and 
their correction, calibration and use will be treated by a = special 
committee. 

Instructions which are not special to their particular codes will be 
referred by Individual Committees to Committee No. 1 on General 
Instructions 

Individual Committees will refer the definitions of terms and the 
fixing of values of physical constants, ete.. to Committee Ne > on 
Definitions and Values 

The codes formulated by the Individual Committees will treat of 
special applications of such instruments to their particular code: but 


refer to the section on Instruments and Apparatus for directions for 
the calibration, correction and utilization of the instruments them 


selves. Matter in the codes under revision or suggestions as to points 
desired to be included in the treatment of instruments, apparatus o1 


methods involved in their work, or already completed upon such in 
struments applicable to other codes, are to be referred by Individual 
(‘Committees to Committee No. 19 on Instruments and Apparatus 

The codes will eventually be available in printed form, both in a 
single volume and separately. Each code when printed as a mono 
graph will be accompanied by the General Instructions, Definitions and 
Values, and pertinent selections from the section on Instruments and 
Apparatus and from the Appendices 


SPECIAL INSTRUCTIONS 


No. 3. Committee on Fuels will formulate a code for the testing 
all kinds of fuels, liquid and gaseous as well as solid, and wil 
include the treatment of Flue-Gas Analysis, sampling. the 
determination of the fusibility of ash, ete. 

Na 4. Eeconomizers will be treated by Committee No. 4 on Boilers 

No. 7. Displacement Pumps do not include rotary displacement pumy 
(See No. Ss.) 

No. 8. Centrifugal and Rotary Pumps include displacement pumps of 
the rotary type as well as those acting by centrifugal force 

No. . Displacement Compressors and Blowers include displacement 
compressors and blowers of all classes, rotary as well a 
reciprocating. 

No. 12. Condenser Units and Feedwater Heaters The title of thi 
code has been changed to “ Condensers, Water Heating and 
Cooling Equipment.” This committee considers cooling towers 
spray systems, etc... as well as condensing and heating ay 
paratus proper 

No. 17. Gas and Oil Engines. The title of this code has been chang: 
from the above to “ Internal-Combustion Engines.” 

No. 1S. Water Wheel Code. The title of this code has been change 
to “ Hydraulic Power Plants.” This committee will prepa 
the code for testing turbines and all prime movers actuated | 
water, 

No. 19. Instruments and Apparatus. This committee will prepare d 
rections for the calibration, correction and application of it 
struments and methods for determining test values ar 
conditions. 

The Secretary of the Main Committee will furnish an aecount 
the conclusions arrived at: 

by any of the Individual 


‘ . to all imbers of the Mai y litte: 
Conmiieues o all members of the Main Comn 


By committees 
1 General Instructions < to all members of all committees 
2 Definitions and Values 
Ity committee to all members of all committees 
19 Instruments and the work of which the instrument 0 
Apparatus { apparatus reported upon is involved 
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spective subjects and it is the intention to have the 
ssued embody the best thought and experience of the prot 
\dvance prools ol each code will be sent to all who are qui 
to discuss and constructively criticize 
ments betore the 
are widely distributed geographically and most of their work wil 


have to be 


he Society to reimburse the many who are helping to carry out 
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TORPEDO-BOAT DESTROYERS IN THE 
MAKING 


(Continued from page 14 
rom a management standpoint, it is of value to note that 
the interest and enthusiasm of the working foree who aecom- 
plished this feat were worked up and maintained by the men 


themselves. They their ists, banners, 
graphic daily records, and vaudeville stunts, and jealously guarded 
workman. Not 


any part of the work, 


produced own cartoon 


the industrious performance on the part of each 
a man 
and it 
move ™ 


or boy was discovered loafing on 
the usual for both 
on the run” while employed on the 


} 


mechanics and helpers to 
Ward, 


above to 


was thing 


the introduction 
, but the 
along these lines has been such as to warrant the prediction thai 
a very 


Reference has not been made in the 
of gas and are welding in destroyer constructio1 progress 


riveting work will in the future 
the 
stiffeners are are-welded on many vessels and similar means are 


deck 


Also, gas welding and cutting 


considerable amount of 


be performed by welding. At present time certain bracket 


being used for securing various fittings, such as cleats, 


bolts, chocks, bitts, trunks, ete. 
are extensively used in the intricate stapling and other race 
work formerly tediously and expensively done by the anglesmith 

The development of the torpedo boat destrover type 1s stil 


The British Navy 


in 


progress. had in service during the war a 


vessel of the torpedo-boat destroyer type but of about 50 per 
cent greater displacement. These boats are known as “ flotilla 
leaders,” that is, they are employed as the flagboats of destroyer 
flotillas or divisions. They carry a heavier armament, more power 


and the added personnel necessitated by their increased displace- 
ment over that of regular destroyers. 
given to the addition of units of this type for our service but no 
definite information is available as to the status of this question 
at the present time. 


Consideration has been 





RECATALOGING THE U. 





Kk. S. LIBRARY 


A Discussion of Interest and Value to the Profession Generally, Dealing with the Principles of 


Cataloging and Systems of Classification 


To THE LIBRARY BOARD 
OF THE UNITED ENGINEERING 
Gentlemen: 


SOcIETY. 


In accordance 
principles upon 


with your desire to have a brief statement of the 
which it is proposed to recatalog the Engineering 
Societies Library, 1 beg to present the following account. 

In order that the technical terms used may be clearly understood, 
some general definition of them is desirable. The principal purpose 
of library catalogs is to enable a reader to find a book of which either 
(1) the author, (2) the title, or (3) the subject is known; 
what the library has (4) by a given author, or (5) on a given sub- 
ject; and to assist in the choice of a book, (6) as to its edition, or (7) 
as to its character. 

An Author Catalog fulfills the Ist, 2d, 
subjects. The author in a narrow 
book; in 


to show 


ith, 6th and 7th of these 
sense is the person who writes a 
a wider sense it is applied to him who is the cause of the 
book’s existence, e.g., editor, translator, compiler, ete. Bodies of men, 
societies and countries are, from a cataloging point of view, considered 
the authors of their official publications, memoirs, transactions, jour- 
nals, proceedings, reports, ete. All names selected as author names 
are arranged in strict alphabetical order. 

A Subject Catalog fulfills the Srd and Sth of the objects named 
above by entering or registering each book under the name of that 
subject or topie of which the book chiefly treats. It may or may not 
be alphabetical in arrangement. If the arrangement is not alpha- 
betical the catalog is commonly called a Classed Subject Catalog, al- 
though this name might with equal propriety be applied to some alpha- 
betical arrangements, 

The present catalog of this Library is composed of several parts, 
as follows: 

1 An author catalog, formed by interfiling the catalogs of the four 
constituent libraries 
An alphabetical classed catalog covering three of the original col- 
lections 
3 A classed subject catalog of the Library of the American Society of 
Civil Engineers 


» 


4 An alphabetically classed catalog supplementing No. 3 and acting 
as an index to it as well 
5 A printed index to periodicals, published in 1915, and now vitiated 
by the changes that have occurred. 
represented in Nos. 1 and 2. 
It is proposed to substitute for these catalogs an author catalog and 
a classed subject catalog, the latter to be accompanied by 
index. 


These periodicals are not 


a very full 


AUTHOR CATALOG 


The nature of this catalog is best shown by a statement of the kind 
of entries that the books will be entered under. ‘These are: 

1 Full names of the author or authors, with identifying information 
when books by different individuals of the same name appear 

2 Corporate entries; names of societies, organizations, countries, 
cities, ete., which are considered the authors of the publications 
issued in their name or by their authority 

3 Titles of periodicals 

4 Added entries, comprising the names of joint authors, editors, trans- 
lators and other persons or bodies other than the one under whom 
the main entry is made, who had some connection with the mak- 
ing of the book. 

5 Analytical author entries for books or articles contained in a col- 
lection, e.g., a volume of monographs by various authors, a series, 
a collection of reports, ete. 

6 Cross-reference cards, referring from any form of a name under 
which a book may be sought, to that form which has been selected 
for the catalog. ‘These cards take care of alternative, incomplete 
or foreign forms of names, variations in spelling, translation or 
transliteration. 

The present author catalog, except for the omission of periodicals, 
is reasonably satisfactorily. Work upon it will be restricted to the 
addition of these, correction of errors, revision of the location marks. 
harmonizing of differences of method of entry in the original catalogs 
composing it and the insertion of additional analytical entries. 


SuBJECT CATALOG 
For the various alphabetical and classed subject classifications now 
extant it is proposed to substitute a single classed subject catalog in 
which the books will be arranged systematically according to their 
chief contents and to the classification adopted. 
Classification has been defined as “ the art of placing a book in that 
part of the library where all similar books on the same subject are 


placed.” In a classed subject catalog it means the entry of a book 
in that place in the catalog where all similar entries on the subject 
are collected. 

In the classification of books on the library shelves certain difficul 
ties arise to prevent complete attainment of the ideal. 
book stand in but one place and the 
classifier is to determine the group to which it belongs and place it 
there. It is a common thing, however, for a book to treat of 
than one important subject. water supply, for example, 
frequently have long chapters or sections on dams; similarly, books 
on steel making often give considerable space to rolling mills. These 
conditions make it impossible to collect the library's resources on the 
shelves. 


The physical 


can of course business of the 


more 


Books on 


It is the business of the catalog to furnish 
reader who desires to see what the 


which the 
dams or rolling 


a means by 
library has on 


mills is made cognizant of the valuable information contained in 
books treating of water supply or steel making, as well as of the 
books treating solely of the former subjects This can be acco 


plished in the catalog by inserting additional entries at as many points 
that it reveal the real resources of the 
library, insure the efficient use of all the books, and prevent the ove 
looking of important material germane to the subject 
gation. 

The order in 
catalog will not 


as seem desirable, so will 


under investi 
which our subject groups follow each other in th 
be alphabetical but a systematic one, in which sul 
jects are divided and subdivided in subordinate groups which succes 
each other. As a guide to this arrangement an alphabetical ind 
will be necessary, showing the location of each subject in the catalog 
With it, it will be possible to ascertain without delay whether or not 
the library possesses books on a subject and where these are listed i 
the catalog. 

When these catalogs are completed 
Engineering Societies Library will be as complete, detailed and sati 
factory as it is possible to make it. Our catalogs will be true ar 
helpful guides for all reasonable methods of approach by readers. Th: 
will give the information that may properly be expected of them, ar 
a little more. It must, however, be kept clearly in mind that it 
not the province of a library catalog to do a reader's work for him 
to indicate all possible or probable sources of information on a subject 
This is decidedly not the case; but many persons too often approach 
great reference collection with the expectation that the informatic 
they want and the precise form in which they want it are contain 
in the catalog or the heads of the assistants. 
for readers to want 


the catalog equipment of the 


It is common experier 
a book or article treating a subject from exact 
the angle or point of view in which they are for the moment int 
ested. They will, for example, ask for a book on Materials Used 
Pump Construction. No work exclusively devoted to this topic has 
think, ever been written. Information on these materials may, ho 
ever, be found scattered through scores of works on the strength 
materials, materials of engineering, pumping engines, metallurgy, 
The work of collecting the scattered data is the duty of the reader 
and not of the catalog, which should only be expected to revea 
material on which whole books or articles have been written. In ot 
words, the catalog cannot be expected to act as an index to al 
books in the library. 

The author catalog will enable the reader to find a book when 
name of the author is known, to find what books by any author are 
the library and also the various editions available; translations 4s 
well as their originals will be shown. 

The subject catalog will enable the reader tc find «a book when 
subject is known, and will exhibit the resources of the Library 
orderly form on every chief and most suborbinate topics within its 
chosen field. 

The alphabetical index will comprise the names of the su>ject 
knowledge upon which we possess important books or pamphlets 
it will at once direct the user to that section of the subject ca 
where these books are listed and to the department of the Li! 
where these works are shelved. 

These three instruments, properly and patiently used, will gi' 
the assistance that may fairly be expected of them. ‘They w 
guides and indicators, not dictionaries, or encyclopedias, but the latter 
functions should not be demanded of a catalog. 


CLASSIFICATION 


Two distinct but related problems in classification confront the 
librarian: the classification of the actual books in order to bring the 
volumes on each subject together on the shelves, and the classification 
of the cards representing the works in the library, so that its resources 
on any subject can be ascertained from the catalog. 

It is obviously desirable that the same classification should be 
ted for both these purposes; but it is not essential, and as a matter 
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of fact, some variations between the arrangement of the two issifi- 
cations are found in most libraries, occasioned by local conditions that 
seem to warrant a deviation from the logical plan. 

We propose to adopt the same classification for all our work, but 
in doing so it is the intention to keep clearly in mind the basic differ- 
ence between the classification of the two kinds of material, due to 
their fundamental physical differences. 

Books frequently treat of several subjects or the relations of two 
subjects to each other. One copy of a book can be shelved in but 
one place, with the result that only in the broadest sense can it be 
said that the books in any section of shelves contain the library's re- 
sources on a subject. If the books on the metallurgy of iron, copper, 
etc., are segregated under these specific headings, the alcove for elec 
tric furnaces cannot contain all the material on that subject. In the 
catalog this dispersal of material can be overcome by placing cards 
under both subjects, or under as many as may be thought desirable. 

or many years librarians have been divided into advocates of 
“broad” classification and “close” classification. Those of the 
former party base their arguments on the expense of close classifica- 
tion, the impossibility of closely grouping the books on a subject and 
the cumbersome notation involved in the close classification of a large 
collection of books, causing frequent mistakes in replacing books on 
the shelves 

Those who favor close classification point to the saving of the 
readers’ time resulting from it, especially in growing and large 
libraries. 

The point of view adopted seems dependent upon whether classifica 
tion on the shelves or in the catalog is actually in mind. Close ¢ 
fication in the catalog is undoubtedly desirable; on the shelve 
practically impossible. 

In our work we intend to adopt a plan by which the classes on the 
shelves will be small enough to be conveniently surveyed by a reader, 
but not so small that extremely long location numbers will be neces 
sary or that every book on a subdivision of a topic is actually touched 
by another book on the same subdivision; while at the same time the 
classification in the catalog will be carried to a point where it will be 
possible to locate a specific subject without examining much related 
matter. 

The scheme of classification that seems best adapted for our needs 
as indicated above is the Dewey classification as extended and modi 
fied by the Institute International de Bibliographie, usually known as 
the ** Brussels” classification, to differentiate it from its progenitor. 

This classification follows Dewey's plan in the adoption of a decimal 
notation and in the arrangement of its main classes. Human knowl- 
edge is divided into nine classes and each is given a decimal number 
as .1, .2, 3, etc. The numbers beginning with .0 are reserved for en 
cyclopedias, newspapers and other material too general in inclusion 
to be assigned to a specific class. 

Each class is divided and subdivided as may be necessary, the loca- 
tion of the classes being indicated by the addition of numbers at the 
right of the class numbers, as is illustrated by the following example 


6 Applied Science 

G2 Engineering 

622 Mining 

6223 Exploitation of Mines 
.62233 Of Coal Mines 


This process can be repeated indefinitely. 
Che Brussels classification differs from the Dewey classification in 
vo important particulars, one of which is a matter of minuteness 
e other of form. As regards the first difference, it is probably suffi- 
ent to state that the published tables cover 2259 pages, in compari- 
yn with the SO8 pages of the latest edition of Dewey. This extension 
f the tables permits a much closer direct classification of material 
The other change is much more important. One of the chief defects 
the original Dewey classification is that, owing to the fact that it 
is planned primarily for the arrangement of books, it lacks certain 
paratus needed in classed catalogs. It is not sufficiently minute for 
e latter purpose and it lacks a method for subdividing existing 
adings in order to express details, various points of view and the 
lations between different subjects. For example, it is sometimes 
nvenient to separate the material on some subject into classes by 
te, language or thoroughness of treatment; or to separate the statis- 
il works on a subject from the technical ones. 
lhe Brussels classification provides for such needs by the addition 
‘ertain symbols to express relations and of detailed general tables 
usual relations, which can be added to any subject by means of 
se marks. The symbols adopted are few, their position in the 
ingement of items is clearly specified and their use carefully ex- 
ined. They are outlined below in the adopted sequence. 
lecretion Sign: The sign of addition, +, is issued to indicate that 
ook treats of all the subject number connected by it: 


e.g., 621.32 


621.33, a book on electric lighting and electric traction. 
oupling Sign: The hyphen, —, is used in certain special cases to 


le one subdivision within a class to be combined with another in 
same class without confusion. The class number for agricultural 
drainage is 63.11 and for forestry 63.49; the number 63.49-11 
imposed to indicate works on the drainage of forests. 

‘elation Sign: The most important of the symbols adopted is th« 
tion sign, the colon, :. When used in the classification to join 


numbers it indicates that the subjects represented by them are 


‘an 
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considered in relation to each other. It enables us to extend the 
classification to great lengths in order to express relations, without 
having to provide the apparatus in advance. ‘Taking, for example, the 
number for rolling mills, 621.77, and the number 310, statistics, we 
can form the combination 621.77 :31 representing the statistics of roll- 
ing mills. 

Form Sign: Divisions of the literature of a subject by form are 
made by using a parenthetic number beginning with zero, (0 - . 
This is further divided into form divisions which can be used at any 
place, and divisions restricted to special subjects. 

These forms enable the classifier to express such differences in the 
form of material as are represented by treatises, dictionaries, pericd- 
icals, histories, ete. A periodical on metallurgy has the number 
669(05), a history of that subject is 6669(09). 

Examples of the special form division are 621.313(008), Patents on 
dynamos; 621.325(003), specifications for electric are lighting; and 
622(007) mining law. 

Place Sign: Place is indicated by numbers which are written in 
parentheses and refer to a special geographical table. The table also 
provides for the differentiation of geologic periods. Examples are: 
625(41) railways of Scotland; 621.19(73) steam-power plants in the 
United States. 

Language Sign: Language divisions are indicated by the equality 
sign, =, followed by a number. We are thus enabled to divids 
ject by language if we wish, as 62(05) 44, French 
periodicals. 


a sub- 
engineering 


lime Sign: It is sometimes convenient to specify time in our classi- 
fication. ‘This is done by adding the date in parentheses, as 623(09) 
“17”, the history of military engineering in the eighteenth century. 

General Points of View: The sign for these is 
The supplementary tables are: 

001 Speculative: idea, plan, purpose, etc. 
O02 Realization: execution, construction, ete. 
003 Economic: industrial production, cost, ete. 
O04 Service and use: workings, administration 
005 Equipment and apparatus 
006 Buildings and establishments; organization and service 
007 Special personnel 
Subdivisions are provided for these numbers. 

These supplementary tables are especially useful for the classifica- 
tion of scientific material, such as that in the Engineering Societies 
Library. They enable us to indicate the point of view of any article 
when the main division to which it belongs lacks the necessary inten 
tion. They provide, for example, for such an analysis of material as 

62163.0012 Theory of centrifugal ventilators 
62163.0031 Manufacturing costs of centrifugal ventilators 
62163.0042 Operation of centrifugal ventilators 

As examples of the classification the following arrangements of 

material by form and by point of view may be interesting: 


a double zero, 00 


By Form 
621.13 Locomotives 
621.13 (02) 
621.13(44) 
621.13(5) 
621,13 “19” 
621.13 : 622 
621.13 B 
621.13.0014 
621.13.04 
621.13.42 


Treatises on the locomotive 
Locomotives in France 
Locomotives in Asia 
Locomotives in the twentieth century 
Locomotives in mining 
sSaldwin locomotives 
Locomotive tests 
Locomotive boilers 
Locomotive valve gears 
By Point of View 


621.12 Marine engine 

621.120012 +. x4 theory and calculation 
621,.120014 ws - tests and trials 

621.120022 5 rs methods of manufacture 
621.120023 = a materials 

621.120025 - “ special machinery for making 
621.1200272 = mounting and assembling 
621.120031 es - cost of manufacture 
621.1200385 - prices 

621.120042 - management 

621.120045 - inspection 

621.120046 ss = deterioration and accidents 
621.12005 os - fittings 

621.12006 " ‘i 


factories 
621.120072 marine engineers 

These examples illustrate the minuteness with which material can 
be classified if necessary, and the various forms of classification that 
may be used to meet special needs or the peculiarities of certain kinds 
of material. It is not necessary, of course, to introduce such great 
refinement in all cases, nor, in fact, in many, but the possibility of 
such subdivision, whenever desired, is very valuable. 

A frequent objection to the decimal notation is the lengthy numbers 
that it requires. This ol jection is sound if the classification of books 
on library shelves is intended, for it is difficult to mark long nt 
clearly on books, or 


imbers 
to arrange these rapidly when so marked The 
objection loses its force when the numbers are only used for filing 
cards in catalog trays, for these are not removed after having been 
once filed and there is also no necessity for copying the numbers 


mnitinued } na Tso 





ENGINEERING COUNCIL 


E noineeringd 


Council’ is an Organization of National Technical Societies of America, Created to Consider Matters of Common Concern 


to Engineers, as Well as Those of Public Welfare in Which the Profession is Interested 


Activities of Council Representatives on Gov- 
ernment Boards and Commissions 


T is the desire of Engineering Council to be represented im all 
eovernment bodies and commissions, and to that end the 


President Wilson the 


Lo ineil rece ntly decided to urge upon 
appointment of one or more engineers to fill vacancies now 
existing in the Interstate Commeree Commission. Sueh repre- 


sentation would unquestionably prove of mutual benefit to the 


Interstate Commerce Commission and Engineering Couneil, and 


it 1s hoped that the President will approve ol and act upon the 
suggestion offered. 


Mr. Rudolph P. Mem.Am.Soe.C.E. and a consulting 


engineer ol New 
sentative on the National Board for Jurisdictional Awards in the 


Miller, 
York has been appointed as the Council's repre 
Building Industries. This board, whose function it is to settle 
disputes arising among the various parties engaged in the build- 


August 11 in Washing- 


representative of the 


ing industries, held its first meeting on 
ton, D. C E. J. Russell of St. Louis, the 
American Institute of Architects, elected 
William L. Hutcheson of the Aimerican Federation otf 


No further action was taken at this first 


was chairman, and 
Labor vice- 
chairman. meeting, as 
the eases on hand were not in the form required. 


ingly will be returned, to be resubmitted in the prescribed manner, 


The \ aceord- 


and will be considered at the next meeting of the board, which 
will be held early in November. 

Philip N. Moore, a past-president of the American Institute 
of Mining and Metallurgical Engineers, and the only engineer 
member of the War Minerals Relief Commission (see MECHANI- 
cAL ENGINEERING for May p. 489 and for July p. 634), is now 
the western cities hearings of 


While 


several of the western engineering 


engaged in holding in many of 


claims submitted to the commission. thus engaged Mr. 
Moore has been the guest of 
offered the 
before the engineers of Portland, Ore., Spokane, Wash., and 
Butte, Mont. 


To the co 


been opportunity of speaking 


societies, and has 


Moore } as 


discussing the aetivities of the Council and its efforts in behalf o 
1 


irtesies thus extended Mr. responded by 


the proposed Department of Publie Works to which reference has 
frequently been made in MECHANICAL ENGINEERING, 
Mr. Moore that the eentraliza 


agitation tor 


pointed out 


tion of engineering work in this country is not new, but has 
been the hope of the profession lor vears. In fact, so much so 
that it has been given definite form many times when the question 
has been considered. A National Department of Publie Works 
has therefore been proposed, and the profession ig now agai 


such a Department in which the engineering 


urging the creation of 


will be brought together under one head 


1 
activities 0 he countr 


instead of being dissipated as at present among many bureaus. 


NATIONAL SERVICE 


Contributed by the 


COMMITTEE 
Washington O fice 


A Comment on the Department of Public 
Works 


On October 28, 1884, Mr. Clemens Herschel, Mem.Am.Soce.C.F.., 
published a pamphlet which contained the following statement: 


Let those who may shun the proper organization of the States 
and of the General Government for the systematic construction and 
maintenance of public works think of one thing: no nation has yet 

Officers of Engineering Council; J, 
D. Flinn, Necretary, 
New York 

2 Washington Office in charge of M. O. 
Service Committee, McLachlen Building, 


ring U Parke Channing, Chairman; Alfred 
Engineering Societies Building, 20 West 39th Street, 


Leighton, Chairman, National 
10th and G Streets. 


784 


existed that was wholly without them, and this nation, no less than 
most or all of its states, in spite of all obstacles, has had them, and 
is constantly having them. The question then to 
this simple proposition: shall our public works be and, what 
importance, maintained, in a business-like man 
worth for a dollars expendi 
method 


becomes reduced 
buiit, 
is of equal 
ner, getting year by year a dollar's 
ture, or shall the shiftless, l 
which looks not forward, and hides its shiftlessness by denying that 
we have any public works { 


} { j 
be allowed to continue?” 


proper, 
ol procedure, 


hand-to-mouth 


shall this wastefulness of i public funds 


Works 


pioneers who still remain among us, and it will 


Mr. Herschel is one ot the tew Pubhie Department 


theretore be ot 
interest to read what he has to say thirty-five 
to the date of the toregoing. 


We aceordll rly q iote Trom a recent 


letter to the National Service Committes 

It appears to be no longer necessary, as I can well remember it 
was In times past, to argue that public works are an essential accor 
paniment of a civilized state Formerly such rk ‘ th us 
called “Internal Improvements,” and schools of political philos 


phers spent much time in proving, from their view of the 
tion of the United States, that private 


and consequently should be solely allowed to constr pu 


enterprise was Su 


works; and again, the reverse of this proposition. 






gone by What Henry Clay thought about it, what those opposed 
to him wanted done on those lines, are both of small importa: 

at the present day This is a present-day nation ll 1 or 
inhabitants: not a parcel of pioneer colonies, beginning to develop 
is a modern stat This is the year: 1919; mot IS19%, when th 


building of the Wheeling turnpike, and of the Erie and other canals 
first brought the Government at Washington face to face vith the 
need of a governmental executive 
struction of public works; not to mention their re] 
and operation, after they had been 

In the emergency thus created, midst the clash of resounding 
rhetoric of the “strict constructionists"’ who denied the right o1 
power of the United States to undertake any public works; and of 
the statesmen who argued for the development of the country by) 
the aid of United States governmental agencies, was born the system 
still in vogue—at the 
ing upon the 
engineering functions. It could not 
There were no civil engineers in the 
they formed no material part of the body 

The first use of the 
the exercise of 


agency, for the design and cor 
tintenance 
completed 


time intended as a temporary measure—of 
branch of the Government to 
well then 
country, or at least so few, 


military assume Ci\ 
have been otherwiss 
that 
politic 

word engineer, as 


refined military work, and there were none but mi 








tary engineers, as far as is known, until about 1780, w h was s 
4) years before the rise of the discussion concerning “ Internal I 
provements " in the United States 

In 1782, “a Mr. Smeaton,” as the law books have it n the le 
ing case of Folkes vs. Chadd, was called to give his opinion (not 
testimony) from the witness stand, and thus | i tl rs 
pert thes in | court procedure, This was no othe 
than the celebrated John Smeaton I.R.S., I ul 
titles; th uilder of the renowned first built permanent Edd 
Light in thi english Channel and who was the f ft mat to ig 
his reports as coming from a Civil (not military) Engine 
th | st English-speaking “ Civil Eng ‘ 

ars later, in America, there wet t ‘ it 
G ashington had been one of the ut no engineers t 
uble, except the graduates of West Point, and othe 

! ary igineers that had been imported f nd hed su 
the Revolutionary War. And so the country turned for its « 
engineering, for its turnpikes and canals, to the Department of W 
ind as an emergency measure designated members of the Cs 
Iingineers, U. S. Army, were temporarily detailed to supervis 


construction of these works. 

The wide world over there are 
ing for the construction and operation of 
to ignore the necessity for their existence in a 
thus provide for them by emergency 
sider them as forming part of the every-vyear work of the gov: 
ment of a civilized state, and provide for them in the fundament 
law governing such states, in the same way that Departments 
War, Navy, Treasury, and even the bodies exercising police pow: 
or the judiciary are provided. 

Under the first caption come Great Britain and her dependen 
but even these do not eall upon the Royal Engineers (correspo! 
ing to our Corps of Engineers, U. S. A.), unless exceptionally 
approve the construction of a new railroad, before it 
travel. 


today but two systems of pr 
first, eit 
stute, 


public works 
civilized 


measures: or second, to « 


is opened 
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NATIONAL RESEARCH COUNCIL 


The National Research Council is Devoted to the Advancement of Research in the Mathematical, Physical and Biological Sciences, and 
in the Application of These to Engineering, Agriculture, Medicine, and Other Useful Arts 


DIVISION OF ENGINEERING 
fy HENRY M. HOWE, who recently returned from Paris, 


where for three months he served as Scientific Attaché to 
the American Embassy, has made public, in a recent report to 
the Division of Engineering, a brief account of his activities dur- 
ing his stay abroad. While in London, on his way to Paris, Dr. 
Howe states that he was able to interest many in the work of the 
National Research Council, and in particular to explain its aims 
and needs to the Council of the Department of Scientifie and 
Technical Research. Dr. Howe also took steps to bring about 
cooperation between the National Physical Laboratory and the 
Committee on Fatigue Phenomena of Metals of the Division of 
Engineering in their work dealing with the heat treatment of 
carbon steel and with alloy steels. 

Dr. Howe was further instrumental in arranging a meeting, 
under the chairmanship of Dr. Unwin, at the Institution of Civil 
Engineers, which considered the formation of an International 
Association for Testing Materials which should carry on the work 
formerly done by the old society of that name. This meeting was 
attended by a large and distinguished body of unofficial repre- 
sentatives of many important engineering bodies. It was thought 
best to call a second meeting of official delegates of these societies, 
and at this meeting it was decided that the time was not yet ripe 
for action. 

In Paris Dr. Howe consulted several of those best qualified to 
pass judgment on the question of an international testing society, 
among them being Professor Le Chatelier and Professor Mes- 
nager, Vice-President of the old International Association for 
Testing Materials. Their attitude also inclined toward the belief 
that the decision reached in London was proper. 

From May 20 to 23 Dr. Howe took part in the meeting of the 
Executive Committee of the International Research Council, 
which formulated more fully the work of that Couneil and ar- 
ranged for its first regular meeting, which was held in Brussels 
during July. 

The Division of Engineering now has twenty-one committees 
engaged in research. Fifteen of these deal with metallurgical 
subjects, four with civil engineering, one with mining engineering, 
and one with electrical engineering. Progress reports of all of 
these committees are now available. 

Committee on the Fatigue Phenomena of Metals. The total 
number of fatigue tests made thus far by the committee is 
about 90, with the number of repetitions of stress running up to 
2,000,000 and 3,000,000. There have been filed with the committee 
records of fatigue tests of metals made in various governmental 
and commercial laboratories, and these will be of service in estab- 
lishing and in checking conclusions. Records of about 100 such 
tests are now on file. 

Because of the change to peace conditions an entirely new and 
comprehensive program has been adopted, and this should yield 
results of the first importance. A very valuable report on the 
present status of our knowledge of fatigue has been prepared 
by the committee and will be found elsewhere in this issue of 
MECHANICAL ENGINEERING. 

The Engineering Foundation is to give $15,000 a year for two 
years to the work of this committee. This will be carried out 
in large part at the University of Illinois, which contributes for 
two years the use of its laboratories and the services of Professor 
Moore. This contribution is estimated conservatively as the 
equivalent of $6000 a year. The University reserves the right to 
publish the results in its own bulletin. 

Committee on Improvement of Metals at a Blue Heat. It has 
long been known that working steel at a blue heat and even 
simple exposure to blue heat under certain conditions, may injure 


1 Dr. H. M. Howe, Chairman ; G. H. Clevenger, Vice-Chairman, Engineer- 
ing Societies Building, 29 West 39th Street, New York. 


it seriously. This committee investigates this general subject and 
the influence of exposure and treatment at temperatures below the 
transformation range on the properties of steel. Three important 
reports have been issued, and these bring together and analyze 
a large amount of new information, much of which is as yet 
unpublished. 

The committee has outlined considerable work for the future, 
and will study among other things the physical properties of 
boiler-plate steel at high temperatures—reaching approximately 
1000 or 1200 deg. fahr. (540 to 650 deg. cent.), the tempering 
temperatures of high-speed steel, and the quenching of various 
alloy steels from a blue heat. 

Committee on Pyrometry. It is the purpose of this committee 
io investigate improvements in pyrometry, including the measure- 
ment of the temperature of the bath of steel in the open-hearth 
and electric steel-making processes. Direct experiments have been 
made at the Midvale Steel Works with an optical pyrometer 
sighted on the bottom of a closed tube of 
immersed in the bath. 
vet been found. 


refractory material 
A suitable material for this tube has not 
For the tip of such a tube Acheson graphite is 
the best material thus far found. 

The committee finds that the Burgess method ot taking a series 
of readings with an optical pyrometer of the temperature ot 
a stream of molten steel, poured from a hand ladle and caleulating 
back to the temperature at the moment of dipping the ladle, gives 
trustworthy results with an accuracy of 10 to 20 deg. cent. Other 
methods to be tested are: (1) to determine optically the tempera 
ture of a plug of Acheson graphite immediately after immersion 
in the steel for a fixed time, and (2) to determine optically the 
temperature of the immersed end of a fused quartz rod or tube 
immersed in the metal. The transparency of the quartz permits 
us to see its immersed end, and thus to measure its temperature 
optically. 

The committee has caused sixty-six papers on pyrometry to be 
written. Of these fifty-seven have been accepted by the American 
Institute of Mining Engineers, and will be published as a sym 
posium on pyrometry in a separate volume. This symposium is 
the most important event in pyrometry since the invention of the 
Le Chatelier thermoelectric pyrometer. 

Substitute The original purpose 
of this committee was to find ways of saving manganese by re 


Committee on Deozxidizers. 
placing the iron-manganese alloys now used for deoxidizing steel 
made by the bessemer, open-hearth and electric processes. It is 
of the first importance that the oxidized products resulting from 
the use of such alloys should be readily fusible and fluid, so that 
they may separate readily from the molten steel. Hence the first 
work of this committee was to determine systematically the melt 
ing points of the oxidized products of the alloys of promise for 
this purpose. A new method of determining melting points was 
About 
steps are to be taken to complete it. 


devised. one-third of this work has now been done, and 


America? 
Welding 
Sub-Committee and the Sub-Committee on Metallurg: 
of the Welding Committee for the Emergency Fleet Corporatio: 


Committee on We lding —Research Committee of the 
Bureau of Weldina. 
Research 


This committee sueceeds the old 


The purpose of the committee is to carry on the research wor! 
inaugurated by the two former committees. They expect to cov 
the whole field of research in welding, ineluding electric 
spot welding. 


» Gas ani 
A great deal of useful work was accomplished b 
the old committees, which derived their financial support from th: 
Emergency Fleet Corporation, whereas the new committee intend 
to secure support and codperation from those interested in wel: 
ing through the medium of the American Bureau of Welding. I! 
is believed that the new committee will continue vigorously tl 
fruitful work of the old. 

Committee on Elimination of Sonims (Inclusions) of Steel. It 
is the purpose of this Committee to study the sources, methods 
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of oceurrence and effects of sonims (solid non-metallic impur 


1 hie 
First, to procure samples of good and 


ities), as well as means for eliminating them from ste« 


methods employed are: 
bad steels and determine the total sonims; and second, to examine 
them microscopically to determine their shapes and sizes and 


Method lor 


separating them must also be worked out, solution of the soluble 


ascertain their proximate and ultimate composition. 


metallic part of the steels being effeeted by iodine, double chloride 


of copper and ammonia, dilute acids, electrolysis or other means 


The aid of several of the steel companies has been enlisted, and 
a number have worked on the seum which gathers on ingot tops 
of low-carbon eff rvescing steel, This has been shown to be 


chiefly formed of sonims which have collected 
steel It 


such an investigation 


trom the 1 olten 


hbenehielaries o 


is now proposed to form a syndicate of 


PULVERIZED COAL AS A FUEL FOR 
BOILERS 


(Continued from page 749 
subordinate to the performance of the boiler; and t as the 
design of boiler is varied to satisfy the steam requirements. sé 
must the furnaes proportions and mode of burning coa ary te 
supply the necessary gases for the efficient operation of the 
boiler, and in so doing, secure the greatest fuel ecor 


The nature of fuels plays the all-important part in the « 
em1ency and performance of furnaees, regardless of their orinne 
value. By pulverizing and proper treatment all grades of coals 


may be dea on the basis of their burnable conten 


rendering their use equal] 


\ applhieable to all heat ne i 


DESIGN or Pt -21971 


[o demonstrate the possibilities of pulverized fuel along th 
nes indieated, a furnace for burning efliciently a rades « 


al from the average best bituminous and anthracite qualities 


lignite, and of such size as would be applied to a water 


particuli 


tubs 
wiler of about 500 hp. capacity, has been designed, 
eing 
In 


175 Ib. and operating at 100 per cent and 200 


riven in the 


following paragraphs, 


working out this design for a boiler with a st 


Calin pnressurYre 


per cent rating, 


msideration has been given to the best features « furnaces 
cessfully burning 1) verized coal and tuel o fhe tempera 
res of the gases as delivered to the boiler have been assumed 


be 1800 deg. fahr. and 2750 deg. fahr., respectively, for the 


0 ratings, the boiler efficiency being taken at aj 


A 


) per cent in both 


T) si 


purpose of this design is to study th 


demands as 


eting as severe are made at the boiler ratings 
ected, using all grades of powdered fuel. Fig. 4 shows tw 
ws of the turnace and Fig. 5 the gas performance of three 
ferent fuels. 
lhe distinetive features of this furnaee are the delivery of t 
mixture and of the dilution air to insure perfeet combustion, 
ermit re lation of the fire, and to guard against the slag 
and destructive diff heretofore encountered The 


eulties 
] 


IS supplied by suitable blowers and 1s heated pberlore use by 
f] l¢ 


dilution 


for fuel 
purposes, 


wast« 
Tor 
, e 4 


tegulation is accomplished by control of the fuel and of the 


gases mixing and by th 


ace 


the fuel-mixture spout outlets being proportioned to deliver, 


aximum duty, a mixture containing 75 per cent of the ait 


red for perfeet combustion. 
} 


; 


flame Is tO 


(Fig. 4) 


v toward the ashpit the ash particles that may fall from the 


le purpose of the air jets ¢ under th 


e as well as the partially consumed particles of fuel. Th 
er are brought into the deflagration zone with a fresh supply 
ol air and given a new chance to burn completely. 


e rows of air jets d on top of the flame are for the purpose 
ol direeting the flame over a longer path and providing thereby 
the fuel 


protecting the furnace from the hottest portion of the flame 


longer time for the complete oxidation of particles, 


and 
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anuiing in the precipitation Ot ash toward tiie aship Aside 
from supplying additional combustion and dilut air, the joint 
ellect of the two rows of air jets is to carry ft i ! u 
pension, away from the furnace walls and the ash dep and 
fulfill thereby one of the chief requirements burt pul- 
verized coal 

The idea of precipitating the as DY rapid expa ding ( 


flame into a large space is applied, but it is not expected that 
all the ash can be thus collected. Some of the ash d will be 
carried by the gases and deposited on the boiler tube d sur 

es bevond the eart and must be blown oll oceas ! ) 
blowers to a collecting hopper in the rear chamber « boiler 
setting, from which it is discharged a manner similar to that 
employed in removing the ash from the furnace 


The furnace design presented 1! Ik ig. }, tnoug! i” rood 


DOSSeSsI! 
features, is not necessarily typical. In an actual ease the condi- 


} ; tal 


tions of the service would influence largely the mos utable 
arrangement. 

Furnaces for burning pulverized fuel demand careful consid- 
eration, not so much on aceount of the novelty of the fuel, but 
because, like other f iels, if possesses its peculiarities, whieh do 


not obey a general rule and which must be carefully considered 


fulness for each kind and size of 


to secure the maximum of useful: 


AIRPLANE-WING DESIGN 


(Continued from page 730) 


apply them to conditions where th speed obtained is as great as 


Hou miles pel hour. \\ hile the use « scaling ruies and empirical 
lactors worked out in practice has enabled us to produces ery 
fair results, the need for accurate data has been pressing. 


The high-speed wind tunnel operated by the Technical Section 
is of the venturi type 


of the Department of Military Aeronautics 


flow al all speeds up t 


and shows an exceptionally uniform to abou 


The 


especially designed 24-blade 


produced bv means oO 


500 miles per hour flow is 


propeller which produces a suction ol 


about 16 in. of water at the large end o 

An extensive series of experiments has been started 01 
propeller airfoils in order to determine the effect of speed on the 
lift and drag coefficients 

It is desired to eall attention to the fact that it is not s ifficient 


to understand and be able to caleulate the eir ilatior 


horizontal axis perpendicular to the direction there 


¥ ; at « . lel +} 1; > 
are also very important vortices about axes parallel to the dire 
t in the 
7 ’ 


estimated similarly to the 


tion of motion. These are particularly apparet form of 


t) 


ip vortices. Their intensity might be 


aleulation for fore and aft cireulatior 


F’. F Mr 
is attempting to develop, instead of considering the reactions 
to the 
through the air of a plate, which may be 
these the 


CarpuLLo. As I understand the theory whic! 


acceleration produced under the action ot rie mo 


straight or curved, he 


considers reactions from standpoint of the Bernoulli 


theory, on the basis that differences in velocity of air relative to 
the plate will exist on its two sides, and that in consequence to 
these differences there will be a difference of pressure and a 
lifting foree. As a result, he points out that there are certain 
vortex motions at the ends and at the trailing edges of the plate. 
The problem is to reduce the vortex motions to minimum so 
that the air comes from the plat ! strean ments of 
whiel are as nearly parallel to one anotner as POSSI DIe¢ Che best 
method of attack would seem to me to be that of testing wing 

ke from a fine orifice or with 


sections either by the emission of smoke 
This 
which 
Mr. Durfee prefers to attack 
standpoint of the 


thod 


represent 


threads attached to needles me wives al 


opportunity 


for studying the vortices irregular motion and 


lost energy. the problem from the 


of these stream lines and velocities 
the 


know 


nvestigation 


rather than the development of the theory of reaction on the 


not that 
much choice in the mathematies of the two methods, but in either 


surface produced by acceleration. I do there is 


case the mathematies is too diffieult to offer a practical solution. 
' Engineer 


of Tests, Curtiss 
Mem » 


\m. Soc. M 


Aeroplane & Motor Corpr Buff N. Y 





ANDREW 


NDREW CARNEGIE, philanthropist and one-time steel 
master, whose a nerosity made possible the erection ol the 
Knegineering Societies Building and that of the Engineers’ 
Club, died A st 11 at his summer home near Lenox, Mass., 1n 
s tvV-I ll year. 
Mr. ( egie was born in Dunfermline, Fifeshire, Scotland, 
NOV T 5. 1837. When eleven vears ol - ather, a 
. wea suffered such reverses throu the imtroduction ol 
el a e decided to al a = ‘ n al 
\merica wit! is Wl | - Setthing 
\ ( ‘ Nhe and son louns ) 
yt $1.20 a wee \ Andrew 
} yoDDIN et ? { 
} Hi; Ca e doll ! \ 
! a neer b () 11 
{ I rie ile! 
\ ( P I i l Ra ( i 
1854 ( ‘  . 
S endent. « s W 1) \\ 
( \\ ) e was S19 
Was e he iS Instrume) n ¢ : 
er adopted. hh SU3 
7 T iil ~ ‘ 4 
\ Mr. Seott ok i S 
S bel yuSINess Investn : ( P 
\\ one 
\lr. ( 0 rst beean erested rol rv lu 
S64, v oug 1 one-sixth interes ( n City For 
( l’oreseel vreat demand rs ron to beé 
ridges, he also took p: Ol ng t 
( ps | ( a I al to the orme ‘ ! A \ r later 
e! companies were merged as l) n i Mills 
( " Can) ( SHOO 000, Mr. Carneer ‘ oreal 
al ( ar e Keystone Bridge Works yas 
sp - ! Into 1 lrew Colonel S« at t 
é at the Pem a Rai 1. Edgar 
~ ae! 
In 1867 he was sent to England by t Penns nia Rail 
» sell ab 49,000,000 in bonds. W ) yunty e saw 
o r converter in operation a nvestigates ( 
proces rom that moment his vision \ eel. He turne 
to Pittsbure and organized the firm ot Carnegie, MeCandless « 
Co., the first step being the purchase of a 110-acre tract at Brad- 


nn es or so outside ol a be ssemer 


dock, a aoze 
plant was pron ptl 
Works. 

In 1874 Mr, Carnegie began to realize abundantly on his efforts. 
The year bet 
built, to 


y erected and named the Edgar Tl Steel 


10mson 


ore the first of the famous Lucey furnaces had been 
he duplicated two years later, when they 
average output of iron from fifty to a hundred ay. 

As the profits mounted one by one Mr. Carnegie’s partners 
dropped out 1881 


torced 


ip t} e 
tons 


aa 


and by he owned more than half of t 
A reorganization was then undertake 
Brothers & Co. 


‘arn at the 


he entire 
business. 


ot 


under the name 

Carnegie The new coneern was a $5,000,000 

affair, with ¢ head. Edgar Thom- 

Works, while a second limited partnership called Carne- 

gie, Phipps & Co., operated the Homestead Mills, the 

mill near the same plant, the Keystone Bridge Worl 
A fey later 


me It operated the 


son Stee! 


armor-plate 


ss, and other 


properties. Vv years arneer1 alone 


Phipps and ( 


remained of the original foi 


irteen partners, and in 1888 Mr. 
Carnegie tound himself in control of seven great iron and steel 
works, whose outy was estimated to be in the neighborhood of 
190.000 tons « teel rails and 140.000 tons of pie iron a 
month, 

For two vears rom 1899 the Carnegie Steel Co npanv domi 
nated the industry, but in 1901 it was absorbed by the United 
States Steel Corporation for $460,000,000. The same year Mr. 
Carnegie retired from business with a fortune estimated at 


$250,000,000. 
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Mr. CARNEGIE’S DONATION TO TH ENG I s 
Mr. Carnegie was early invited to take an interest in a buik 
ing for the American Institute of Electrical Engineers, but wi 
l SLCUCECSS tor Lhe reported reasol! that le t Lhe ru ldu W { 
id been planned to be inadequate Somewhat late on ace 
lus interes libs es, he is pp i tk ntripute 0 
the amour ecessar\ ibsty ds eata Sir Latin 
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! Vi ( 
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oO SAN one i! 
Mr. Car l ( sa ‘ t eh M 
Rice said, “* You d not wish to be identifies 
ereditable to vou.’ Mr. Carneevis mmediate S ‘ 
aang should $7.50 more, never ne 
The orig } for a union building place e Engines 
Club in the upper floors, much lke the Transportation Club 
the Manhattan Hotel, but it later seemed best to erect two bui 
ings, principally on account of the Club’s property being taxab 
and the Engineering Societies’ property non-taxaple. It theref 
pecame necessary ask Mr. Carnegie to nerease his g 
sutfier ntly to provide for se paral buildings, and Mr. Rice mad 
a trip to Europe, visiting Mr. Carnegie at Skibo, and successfull 
presented the desire of the Societies and of the Club for 
additional $500,000 
One of the interesting incidents in connection with the pr 
chase of the several contiguous lots for the Engineering Soei 
Building was the demand by an elderly lady of $100,000 ea 
betore noon of the day the negotiations were consum! ted M 
Carnegie saw the humor of the situation and loaned the rep 
sentatives of the Societies ten ten-thousand dollar bills 
Mr. Carnegie’s motive in this benefaction was b appre 
on of the engineer’s « ntribution to his personal ecess ant 
desire to promote t ( solidarity a d cooperatior of all brane 
the engineering profession. “ Coéperation,” he said \ 
iea’s secret of suecess 
The cornerstone of the Engineering Societies Building w: 
on May 8, 1906, the Couneil of the Society being present by 
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re, presented by the past presidents of the Founder Soeceties, 1917, 6593 teachers, ineluding prolessors, associate or assistar 
was unveiled in the Library, professors and instructors. Of these 715 were wome 


The inaugural banquet of the Engineers’ Club on December 9 The largest of Mr. Carnegie’s single gifts was that creating the 


1907, waswanade the occasion for conterring honorary membership Carnegie Institute of Pittsburg] This gift to the city « 


on Mr. Carnegie, John Fritz, honorary member and past-presi prosperity ealled for a total outl: for building equipment an 


dent, making the presentation speech, and T. Commerford Martin. endowment of over $25,000,000. 


president of the Club, receiving the certificate from the President Mr. Carnegie’s benefactions amounted all to more than 


and Secretary of the Society and tendering it to Mr. Carnegie. $350,000,000, among the more important ones beir the Tollow 


The latter in aecepting the certificate genero isly acknowledged ng: Library buildings (over 3000), $64,000,000; « re orgal 

is indebtedness to the engineer, and expressed heartfelt ppre over 7500), $6,200,000: Carne ‘ Corporation, $125,000 000; 
ciation of the honor conterred upon him. Mr. Carne ad bee Carnegie Foundation, $29,500,000; Carnegie Institute, $26,700,- 
a member ot the Society since 1890, He was also elected a 000; Carnegie Institution of Washington, $22,300,000: hero inds 
member of the Ame riean Institute of Mining Enginee: SSS $10,500,000; Seottis iniversities, $10,000,000 

! al onorary member in 19005 One of Mr. Carnegie’s greatest eals was the ab { ot war 

ope tha ener ed nT 
He gave $10,000,000 toward a Internatior reace | 


\ CA Gize’s L y Work, His Ho : i] 


Cost ot $1,500,000 HDulit the peace pala it The H 
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be? I i ‘ 


Despite the demand it business. Mr. Carneg t (merican Republ at Wa 


rary Work and wrote several books a wel 


writings are: Triumphant Demoeracy (1886), The Gosp. ‘ . 
Wealth 1900) . The empire ol Business 1902 .-3 4 
James Watt (1906) and Problems of Today (1909). 1: nt Andrew Carnegie’s death August 11, 1919, at Lenox, Mas tt 


domo u his best-known work, passed throug l t « ns = —— oo . - 
| nocracy, il ) KI n rk, pa ed yy @lg ng arts and sciet R the introd tons nto t United States 
and has been translated into eight languages. In it Mr. Car the bessemer process f 7” lnction lie ‘ ‘ 
treated of the progress of the American Republic larg: “ nt and deve ent of ste ints hich beeas t greate 
: : f i. ’ . , the world. he made av e for engineere the most nacf 
advance In material prosperity, whieh he regarded as it ires : vUES, © seid ’ . Bil ! 
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t andi’ I ela popula manv industri nte ris he xu t 
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I arnemie received honor and deeorations tro ruiers nea shy e dey ed himself to the distr ‘ ve ions 
M ( 0 l HH ted to t 
eople all over the world. He received as a result ot s benetar fortune to projects for the benefit of inkind He distributed 
ons abroad the treedom of fifty-four eities in Great Britain and lom | 1 or ret ene tior H ! pr lod 
lreland. He was Lord Rector of St. Andrew’s Universit¥ Is the building 1 hom the great t engin¢ 
1903 to 1907 and of Aberdeen University from 1912 to 1914, and societies and many associate societi Ile y 
held the honorary degree ot Doctor of Laws from the universities t the American Institute of Mining and Met rg eng 
, 3 : ; \merican Society of Mechanical Engine I rs 
Glasgow, Edinburgh, Birmingham, Manchester and MeGill, 1 “ore cS TSR 7 , , 
vell as from Brown, Pennsylvania, Cornell and other Americar Resolved, That the Ame S t r \l o Me 
collegves In addition to his connection with our Society and wit! ry Mi ind Elect: Keng | Eng 
Socic ind t g ‘ 
( Mining | rineers, he Was a member ¢ I me! = 7 > * l x 
, Mr. ¢ y | re t g 
i ( 1¢ and séle tific Hodes among them being ‘ \ eriea ‘ v ‘ . 
| ] ot Arehitects, the National Civie Feder e A 


re Recataloging the U. E. S. Library 


rt | ‘ im it « ‘ I) 
£ \ t ( } 4 
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He hu n 1904, e Foundatior oO} e A een 
- } l t ! eS ' , it it Fe : 
feaching in 1905, the Peace Endowment in 1910, and the Car vet that many users of tl talos ( 
evle Corporat ol ol New York, with al endowme t ol vith its system vill il +} p 
125,000,000, in 1912. ssistanes 
T ' ’ ' This outline of the proposed plans is nlete: mar noint 
lhe Carnegie Foundation lor the Advancement ol leaching : : k ‘ i 
\ 9 : - : ing been omitted in the desire for brevit ipon a s ect f nsider 
as tl suuteome of ( wie’s S ‘ th the ise of . Na 
as the ou ‘ Lr. Carnegie ympathy wit e eause of able magnitude. It is hoped. however, that it will demonstrate to 
lueation and his desire to be of service to the teachers of Amet that the system is sufficiently comprehensive and elast . 


a. The aet of incorporation obtained by Congress enabled the cessfully any demand that this library may have to place upon it It 


, is also hoped that it w show that the preparation of an efficier 
uundation to receive and maintain funds for paying pensions to : oped that it wi ' paratl 1 ef 


lege teachers in the United States, Canada and Newfoundland. 
7, | “ 


i 


catalog is not an easy task, but one requiring professio1 skill, good 
udgment and the expenditure of a considerable sum of money Many 
! in general to do and pertorm all things nec ssary to encour library catalogs are unsatisfactory because this has 1 
ve, uphold and dignif'y the profession of the teacher and the and efficiency has been sacrificed in ar attempt to do the work to« 
use of higher education.” Seventy-four institutions of higher Cheaply. The catalog is part of the p ae Cpe o 

> ; 1" 1's tl ay eas library and is a vitally important part: economy in its construction 
arning, seventy-one in the United States and three in Canada, may easily be carried to excess. 


ive been admitted to the list of associated institutions. In these Respectfully submitted, 


lleges, universities and technical schools there were on April 1, HIARRISON W. CRAVER, 
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NECROLOGY 


FREDERICK SARGENT 


I’rederick Sargent, senior member of the firm of Sargent & Lundy, 
of Chicago, and probably the most prominent consulting engineer in 
the United States specializing in the design of electrical generating 
sections, died at his home, in Glencoe, Ill., July 26, having been taken 
ill while abroad. An Englishman by birth, Mr. Sargent had made 
numerous trips to his native country, the last of which was made in 
April and May of this year in company with his close friend, Samuel 
Insull. 

Frederick Sargent was born in Liskeard, Cornwall, England, on 
Nov. 11, 1859, which is also the exact date of the birth of Samuel 
Insull, another Englishman and Chicagoan, with whom Mr. Sargent 
was destined to be intimately associated during practically all of his 
engineering activities. His people were of the farming class, but 
young Sargent developed a decided mechanical bent, and eight years 
of his boyhood and youth were spent in acquiring practical mechanical 
knowledge and experience in the works of John Elder & Co., the great 
shipbuilders on the River Clyde, near Glasgow. During this time he 
gained an extensive and practical knowledge of mechanical engineer 
ing, paying particular attention to heavy machinery. He also im- 
proved his education by going to night school at Glasgow University. 
Coming to the United States about 1880, he found employment in 
Eastern shipbuilding yards as a designer of steam engines. He then 
went West as a designer for the Sioux City (Iowa) Engine Co. A 
year or so later he accepted a position with E. P. Allis & Co., of 
Milwaukee, predecessors of the present Allis-Chalmers Manufacturing 
Co. Here he attracted the attention of the officers of the Western 
Edison Light Co., organized in Chicago in 1882 to exploit the electric- 
lighting inventions of Thomas A. Edison in the West, and in the fall 
of 1884 he moved to Chicago and began his career as an electrical 
engineer in that city. 

Succeeding the Western Edison Light Co., the Chicago Edison Co. 
was formed in 1887. This was the first distinctively Edison central- 
station company in Chicago. Mr. Sargent became its consulting 
engineer, and he has been consulting engineer of that company and 
its successor, the present Commonwealth Edison Co., ever since. 

About 1889 he went to New York under contract with the Edison 
United Manufacturing Co. In this position he had general charge of 
all the work done by that company in the United States and Canada. 
Shortly after this the company in New York was reorganized as the 
Edison General Electric Co. Mr. Sargent was made assistant chief 
engineer of the new corporation, of which Samuel Insull was vice- 
president in charge of manufacturing. But Mr. Sargent had deter- 
mined to open an office of his own, and, in August 1890 he returned 
to Chicago and established himself as an independent electrical and 
mechanical engineer. The firm of Sargent & Lundy was formed in 
1891. 

In 1891 and 1892 Mr. Sargent was consulting electrical engineer 
for the World’s Columbian Exposition, and he designed the power 
plant and had much to do with the other mechanical and electrical 
features of the great World’s Fair of 1893. 

The original Edison central station in Chicago was built about 1889. 
Mr. Sargent made the plans for the machinery layout of that station. 
In 1892 Samuel Insull came to Chicago as president of the Chicago 
Edison Co., and that company at once took on a new lease of life. 
Under Mr. Insull’s direction the old Harrison Street station, recently 
torn down to make way for the Union Station railroad improvements, 
was built. Mr. Sargent was the designer of that station, also the 
Fisk Street Station, the Quarry Street Station and the Northwest 
generating stations of the Commonwealth Edison Company. 

He was one of the first mechanical engineers who recognized the 
great part that the steam turbine was destined to play in the develop- 
ment of electric generating stations. The Fisk Street Station was the 
pioneer of all the large turbine central stations of the world, and it 
became deservedly famous for its many original features of design 
and for its simplicity and economy of operation. After this station 
had been in operation for a short time, Mr. Sargent, at the request of 
Mr. Insull, President of the Commonwealth Edison Co., went to Lon- 
don to follow the inquiry of the Parliamentary Committee in charge of 
the London Power-Supply Bill. This hearing crystallized in Mr. Sar- 
gent’s mind some ideas he had been developing about the importance 
of unified power supply for great industrial centers so as to reduce the 
cost of production, and on his return he submitted his ideas to Mr. 
Insull, and they were worked out in the power-station development of 
the Commonwealth Edison Company. 

Mr. Sargent’s engineering work was not confined to Chicago. He 
was consulting engineer for many of the important electric-light and 
power companies throughout the country, including the Edison Electric 
Illuminating Co., Boston; American Gas and Electrie Co., New York: 
Electric Bond and Share Co., New York; the Union Gas and Electric 
Co., Cincinnati, and many other smaller organizations. 

He designed the great combined central power station of the Ameri- 
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can Gas and Electric Co., and the West Penn Power Co., located on the 
Ohio River, north of Wheeling, W. Va., which was the first large elec- 
tric station to be built in a favorable locality near a coal mine for the 
distribution of power to industrial centers at long distances. 

He designed the great new station of the Union Gas and Electric 
Co., at Cincinnati, which was recently completed. He also designed 
the new station for the Kansas City Light and Power Co.. which is 
soon to be put into operation. He went to Chile in 1916 as consulting 
engineer for the Guggenheim mining interests on the development of a 
power supply for their mine at Chuquicamata. 

During the war Mr. Sargent was consulting engineer for the power 
station of the Edgewood Arsenal, at Edgewood, Md., and also con 
sulting engineer for the United States Government in other wartime 
projects demanding the application of power on a large scale 

In his profession Mr. Sargent was noteworthy for the clear vision 
and strong common sense with which he grappled with the essentials 
of an engineering problem. He was simple, clear, direct and practical. 
Ife was a man of broad outlook, tolerant, modest, seeking to achieve 
results rather than to uphold theories. 





And he was eminently suc 





FREDERICK SARGENT 


cessful in obtaining results, for his electrical generating stations we 
milestones of achievement in the economical production of electric 
energy. 

An idea of the esteem with which Mr. Sargent was held by h 
business associates was shown in an interview with Wm. S. Monr 
his friend and partner in the firm of Sargent & 
years, who said: 

“Mr. Sargent had an exceptionally keen and a*tive intellect and 
vigorous and forceful personality. He was a man of absolute int« 
rity and fearless independence and high idealism in his work. He h 
an infallible intuition regarding engineering and scientific matters. a 
the responsible men in the companies for which he was doing his « 
gineering learned to place the utmost confidence in his judgment. | 
had a remarkable combination of extreme daring and careful cons« 
atism. With a broad and ambitious view of important and fur 
mental principles of his engineering work, Mr. Sargent combined 
accurate knowledge of all the underlying details, and no detail was t 
small for his personal attention. 

“He kept in close touch with everything that was new in 
engineering profession. He was a great traveler and made repeat 
trips to Europe as well as through this country in order to post h 
self on the important developments not only in the direct line of 
own work but in all departments of the engineering field. 

“ His idealism was at times almost prophetic and he was very 
bitious for the highest achievements in his work, but his idealism 
held in restraint by a practical common-sense judgment, which « 
bined to give a distinct originality to every new power station w! 
he designed, and made it systematic and harmonious, economical 
a perfect working machine.” 

Mr. Sargent was awarded a medal by the World’s Columbian | 
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JouNn I. Price has been transferred from the managership of th: 
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the « tv of chief engineer in the refrig tion divis 
G ( Il. IDYIMAN, formerly with tl \r Woolen ¢ il 
I I Mass., has retired fro ct i jut h 
r $2 vears of continuous se! I] s still ret ] 
t r of the gener idvis 
rep V. LARKIN, assistant general superintend of I] 
g FP Pipe Bending Company, Ilarris e FP el 
ssistant r of mechanical engin ng in Lehigh U1 sit 
will ret Lehigh as professor of ni ng ng Ss 
ten 4 the chair vacated by the death ¥ J. F. Klei 
] 1 of t rtment for many years 
PARRY KELLER has received his discharge as a first lieutenant, Ord 
nance Department, U. S. A., and has accepted a sition with the 


Goodyear Tire and Rubber Company, Akron, Ohio, in connection 
the development and manufacture of tires and 


ith 


tubes 


WALTER W. TANGEMAN, Major, Ordnance 
returned from service in France, 
the Cincinnati Milling Machine 


capacity of sales engineer. 


ay partment, has recently 


and has become re 


Company, 


ISSO 


with 
the 


inated 


Cineinnati, Ohio, in 


L. I’. GRAEF has become affiliated with the Compania 


de Minera 
Mirasol, S. A., Cusihuiriachic, Chihuahua, Mexico 


de] 


R. R. SHAFTER has returned to the sales organization of Traylor 
Engineering and Manufacturing Company, mining, milling, crushing 
and smelting equipment, Allentown, Pa., after an absence of two years 
general rintendent of the Traylor 
Mr. Shafter as district manager will 
office 


as sup 


Shipbuilding Corporation. 
the New York 


have charge of 


M. M. SHUSTER has become production engineer with the Clip-Bar 


Manufacturing Company, Philadelphia, Pa., manufacturers of the 
Shuster Speed Wrench. Mr. Shuster was recently discharged fro 
the Navy \ir Service. 

IIOWARD COONLEY, president of the Walworth Manufacturing Com 
pany, Boston, Mass., has been elected a vice-president of the Massa 
chusetts Credit Union Association. 

CAPTAIN EDWARD VAN WINKLE, recently regimental engineer office1 


of the 24th Engineers, American Expeditionary Forces, desires 
nounce that he resumed his 
formed an association with FrepertcK A. WALDRON, consulting 
New York, for the general practice of engineering with 
special refer¢ to the problems relating to the construction, develop- 
ition industrials. 


to an- 


has practice as consulting engineer and 


has 
engineer, 
nce 
and yer 


ment of 


JOURNATI 


M.1 


Tt 


ENGINEERING (mM 


mon 


DAVID S. Weoeo. Jr. has left the Army Ordnance, where he was 
chief examiner, Chicago District Claims Board, and has become testing 


} 


engineer for the Isko Company, Chicago, Ill, manufacturers of elect: 


lgerating machinery 





Rorert TP. Lay has aecepted a position with the H. HTH. Franklin 
Manufacturing Company, Syracuse, N. Y., in the pacity spec 
engineer in the engineering department. 

ror. Artuur M. GREENE, JR., was elected president the Soci 
of the Promotion of Engineering Education t the 27tl ! é 
ing of the S tv held in Baltimo Mad., du g the st 
June 
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1. Also, 
Thrust 3.14 


orrespon 


t 
HP HP 3.14 


The original type had 800 hp. in two motors. If the new mael 

were to fly at 100 m.p.h., the effeetive L/D would be 5.50, whi 
would considerably lower the radius of fligh However, at 8 
m.p.h. a value of 6.90 may be realized for the L/D faeto 


Further, the horsepower requirement at this speed is 320, as co1 
If 1 
equipped with four motors of the high-compression 
0.82 K 4 & 430 = 1419. This 
450 hp. flying requirement in the ba 


pared to 600 for the basie machine. he new machine 
available horsepower 


lent to the 1410/3.14 
machine—about 97 m.p.h. 


1s 


Hence a flying speed of 95 m.p.h. n 
D of 6.0. If the course as | 
out were 2000 miles and 300 were allowed for variation, the 
ire 24 hours. With the i 
ously the total weight of gasoline necessary would be 33 } 
24 6.15 19,500 Ib... the 
20,000 Ib. 

The flight could be successfully accomplished, then, 


be counted on, with an effective L 


would req tour motors running cont 


whereas contemplated quant 


wit 


ing boat, similar to existing types, of about 32,000 lb. in we 
equipped with four motors, and having a gasoline supply of 

3250 gal., assuming flight at continued full speed and at maxi 
r.p.m. of the four motors. At economical speed the gasolin: 
ply necessary would be approximately 85 per cent, or 2760 


Ty 
ne 


minutes 


28.000 Ih.) 


load of 


NC-4 
and « 


(total weight, 
irried a gasoline 


1390 n 15 


flew miles 


1650 gal. 
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ACCESSIONS TO THE LIBRARY 


AN LooK TRADE MANUAL 


1919. Pur- 


AMERICAN BUREAU OF SHIPPING. ‘ 
the Rules for Building and Classing 
Sections 39-42, inclusive, and Sec. 49 
Revised June 1918. Gift of Bureau 


Vessels 
1917 


AMERICA’S MUNITIONS 
Benedict Crowell, Asst 
of Munitions Gift of U. S 


1917-1918. I 

Sec’y of War, Director 
War Dept 
BIBLIOGRAPHY OF THE OCCURRENCE, 
MINING OF MANGANESE WITH SOME REFER 
ENCES ON ITS METALLURGY AND USES. Com 
piled by Harold L. Wheeler. Reprint. Gift of 
author 


GEOLOGY AND 


MANAGING 
Estes 


author 


FOR MAXIMUM 
Pts. I, II and 


PropicrTion. By L. V 
Ill. Reprints. Gift of 


MARINE AND Dock LABor—WoRK, WAGES, AND 
INDUSTRIAL RELATIONS DURING THE PERIOD OF 
rHE WAR Report of the Director of th 
Marine and Dock Industrial Relations Divisior 
J I 


U. S. Shipping Board. 1918. Gift of Board 
MECHANICS’ 
Chas. HU 
Prof. F. R 


AND ENGINEERS’ 
Haswell 60th 
Hutton 


PocKET-BooK. By 
edit 1895 Gift of 


MISSOURI BUREAU OF 
ennial Report of 
Purchase 


MINES 


Geologist 


GEOLOGY 
the State 


AND 


MONOGKAPH ON 
lk pt. of 
London, 


THI 
Scientific 
1918 


CONSTITI 
and 
Purchase. 


TION OF 
Industrial Resear« 


Moopy’s MANUAL OF RAILROADS & 
SECURITIES 20th Annual Number 
Utility Section, New York, 1919. 


CORPORATION 
Publi 
Purch: 


NATIONAL ASSOCIATION OF 
ROAD SECURITIES. 
S. Davies Warfield, 
author 


OWNERS OF Ra 
adopted ih 
1919 


Resolutions 


President Gift of 


NEw York 
Report 


CENTRAI 
1918. 


RAILROAD COMPANY 
Gift of N. Y 


An! 
Central KR. KR 
NEW YORK 

Annual 


STATISTICS 


ing. Gift 


STATE DEPARTMENT OF 

Report of the 
1908 Pt. 1 

of Prof. F. R. 


LABOR. 
Bureau of 
Industria 
Hutton. 


PRELIMINARY 
TION OF 
Gift of 


REPORT OF THE MINERAL 
CANADA. 1918 By Jobn 
Canada Dept. of Mines. 


Propve 
McLeish 


REPORT OF AN INVESTIGATION OF 
INDUSTRIAL SALVAGE COMPANY 
merce Waste-Reclamation 


of Dept. 


THE AKRON 
Dept of Com 


Service 1919. Gift 


REPORT OF THE 
of Prof. F. R. 


TESTS OF METALS. 1917 


Hutton. 


Gift 


REPORT ON THE “ Hawk’s Nest” Group of 
CoprekR CLAIMS LOCATED ON TALUMKWAN 
ISLAND, QUEEN CHARLOTTE ISLANDS, B. C By 
Ronald C. Campbell-Johnston. 1909. Gift of 
Kirby Thomas 


THE RETURN AND REGULATION OF THE 
ty S. Davies Warfield. Gift 


RAILROADS 
of author 


THE ROCKEFELLER 
1918 By Geo. E. 


rouNDATION 
Vincent. 


Review for 


SAFEGUARDS. 
TRIAI 


FoR THE PREVENTION OF 
ACCIDENTS, Edit. by 


INDUS- 
David van Schaack 
THE SALINITY OF THE WATERS IN THE HARBOR 
OF New York, ONE YeAr’s ReEcorD oF TEM 
PERATURES, SPECIFIC GRAVITIES, AND PER 
CENTAGES OF LAND WATER By H. deB. Pat 
sons. Gift of author 


SILVER AND 
MARKET 
Gift 


GOoLp REVIEW OF 
FoR 1918. By 
of author. 


rH} 
Srinivas R 


BrLLion 


Wagel 


SoME ECONOMIC CONSIDERATIONS IN 
PRACTICE. By W. Colquhoun. 1918 
Gift of author 


COKE-OVEN 
Excerpt. 


STATE OF 
Fact« ry 
II. 1913 


New YORK. Second Report of the 
Investigating Commission Vols. 1 & 
Gift of Prof. F. R. Hutton 


THe STEAM ENGINE. 
Vols. I, II, 
Hutton. 


3y Daniel K 
oe, SV Gift of 


Clark. Half 
Prot. F. R. 


TRADE CATALOGS 


ALLEN MACHINE Co., Erie, 
ing Machinery. 


Penna Ru 


THE BALDWIN 
93—War 


LOCOMOTIVE 
Industries 


WORKS ( 
Philadelphia Ia 


& Co., IN« New 
Universal Joints 
Bulletin No. 7 


York, XN. } 
and  Propelle 


COMPANY, Chicago, I] Ibis 
Catalog No. 50 and 


and Machinery. 


Hl. CHANNON oun 


sheet for Supplement ot 
Supplies 


THE DAYTON ENGINEERING 
Dayton, Ohio. Aviation Ignition A 
tion of the Delco Generator Battery 
as Applied to Modern Aviation 


LABORATORIES CO 
descrip 
Ignition 
Engines 
GENERAL ELECTRIC COMPANY, Schenectady, N. ¥ 
CR 4015 Enclosed Automatic Starters 
Small Direct-Current Motors A 
Installation 

Index to Descriptive Bulletins 
Index to Supply Part Bulletins 
Type FK-20 Oil Circuit Breakers for Industri 
Service up to 300 Amperes and 2500 Volts 
June 1919, 


and Sheets 


GIFFORD-Woop 
& Basin 


COMPANY, 
Saws, 


Iludson, N 
Bulletin 42 


THE GREEN FUEL Economizer Company, Be 
m = Bulletin No. 151 Green's Economiz« 
a Summary of the Facts Regarding Green's 
mproved Patent Fuel Economizer 
GUARANTY Trust CoMPANY OF 
New York, N. ¥ 
Markets 
and 
States 
South American 
Material 
Open 


New York, 140 
Broadway, American Goods 
and Foreign 
Financia 
United 
The 
trical 
The 
Swedish 
Power 


Business 


Conditions 


Market for 


Certain 


Doors to Opportunity 


Developments in the Use of 


RAYMOND S&S 
Electrical 


HART, 
Conduit 


New York, N. \ 
Fittings and Doxes 

HENDRICK MANUFACTURING Co., C 
Perforated Metals. S 
iron work. 


: arbondale, Pa. 
eet and light structural 


WM. HIERGBSELI 
Long Stem 


& Son, New 


Thern 


Yort 


ometers and Ilydrometers 


Hittes & JONEs Co., 
tools for working 


shapes. Catalog 


Wilmington, 
plates, bars 
No, 8 


Del Mac 
and struc 


hinge 
ur: 


t 


Tue Homes 
Fire 


INSURANCE CO., 
Hazards of Soft 


New 
Coal 


York, N. ¥ The 


THE Hoover 
ton, Ohio. 


SucTION SWEEPER Co., 
The 


North Can 
Road to Cleanliness 


THE JEFFREY 
Ohio. The 
Catalog No, 210 
The Jeffrey Type—aA 
245; Jeffrey Bucket Elevators 

Jeffrey Standard Apron Conveyors 


Service Catalog No. 2S 


MANUFACTURING C Columbu 
Jeffrey Pivoted tu Carrier 


Shredder, Catalog No 


for 


Every 


Fire Brick Co., 
Brick 


Chicago, Il] 
(Commonly 


Joint 
Devil's 


less 


Fire 
Putty). 


called 


Henry € 


llouse of 


KELLEY 
Kelley. 


Co., New York, N. ¥ The 


KiLBy MANUFACTURING Co., C 
Building Trim of Permanent 
tected Metal 


Ohio 
Pro- 


leveland, 


Asbestos 


STANDARD 
Standard 


SPIRAL PIpt 
Reinforced 


WoRKS, 
Spiral Pipe 


Chicago, Il. 


THE 


steam 


STEAM Morors Co., 
Motor, Bulletin, 


Springfield, 
No. 5 


Mass. The 


STEERE ENGINEERING 
Bulletin No. 3 
Bulletin No. 34. 
Pipe. 
Sulletin No. 35. Tar Cameras for Colorimetrix 
Tar Determination 
Bulletin No. 36. Plant Models 
Table of Producer Gas Costs. 


794 


COMPANY, De 
Purification 
Gas Valves and Welded Steel 


troit, Micl 
7 


Gas 


THE 


ScUPpPLEE-BIppLe 
Street, 
Metal 


HARDWARE C ; ce 
Philadelphia, Pa 
vol. 6, no 


mmerce 
Monel 


SUPPLEE-BIDDLE HARDWARE Co 


Pa Supplee-Biddle Bulletin 
vol. 6, no. 4, June, 1919 


Philadelphia, 
Monel Metal, 


rHE TEXAS COMPANY, 
Texaco at Home 


Hlouston 
Abroad 


and New York 


and 


ULRICH PLANFILING EQUIPMENT CO., James 
town, N. Y., Ulrich’s Guide to Better Filing fer 
Engineers, Architects, Manufacturers 
Bullders. 


and 


THe UNDER-FEED 
took Building, 
tion Chamber 


STOKER COMPANY OF 
Detroit, Mich The 
April, 1919 


AMERICA, 
Combus 


UNITED 
Mass 
Play 
The 


Snot 


COMPANY, Beverly 


MACHINERY 
r Symbo f 


Ball—tThe I 


hiversal 


Story of Three Partners 
Vacuum OIL, COMPANY, 
tionary Steam Engines 
Lubrication of the Automobile 
Engine 
Lubrication of the 
Chasis 
Horizontal 
Horizontal 
Vertical 


Rochester, 


Automobile 


Engines (St 
Engines 
Engines 


Gas 
Gas 


Gas 


THE VULCAN 
Vulcan Soot 


SOOT CLEANI 


Cleaners 
Wat 
Barnesville, 
Industrial 


MINING CarR WHEE! COMPANY 
Watt Cars Mir 
Catalog 


Ohio ng and 


General 
WESTINGHOUSE ELECTRI¢ & MANUFACTURING 
Co 110 West 42nd Street, New York West 
inghouse Autom: Electri Equipment 
Automo Airplanes, Trucks, Motor Boats, 
Tractors, lication 1532-E 


tive 
iles, 
Locomotives Publi 
WESTINGHOUSE ELECTRIC & 
Co., East Pittsburgh, Pa 
ing Data Vol. 1, No. 6 
Railway “ngineering Data 
March, 1919 
Railway Department 
The Electric Journal, October, 
Railway Department Reprint No. 78 
the Light Weight Car January, 1919 
Diagram of Type F-2 Oil Circuit-Breaker. 
Dipping and Baking as a Financial Asset 
Seeking the test Railway Motor 
Westinghouse Electrical Euipment in 
Woodworking Industry. Motor 
cireular 7133 
Electrical Precipitation 
valuable material from 
Westinghouse Railway |! 
1, no. 1, June, 1917 
Westinghouse Railway 
1, no. 2, Oct., 1917 
Westinghouse Kolilway 
1, no. 3, Nov 1917 
Westinghouse Railway 
1, no. 4, Aug., 1918 
Westinghouse Raliway 
1, no. 5, Sept 1918 
Westinghouse Railway 
1, no. 6, Feb., 1919 
Westinghouse Railway Er 
1, no. 7, March, 1919 
Electrical Equipment of the Largest Hots 
the World (Hotel Pennsylvania, New \ 
City) Reprint 
ype AK Electrolytic 
Selection of Direct-Current 
MCA, MCB, MCOA 
Equipment for Oil 
CS Squirrel-Cage Induction Motors 
567-A-1 Rallway Motor 
Instruments (M: 
Book 5190 
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Vol 1 No 
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applicat 
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Engineering Dats 


Engineering Dat 
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iwineering Data 


Arreste! 
Mill Mote 
and MCOF 
Wells 


Lightning 


(Types 
Electrical 
Type 
Westinghouse No 
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for Railway Motors 
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